Google 



This is a digital copy of a book ttiat was preserved for generations on library shelves before it was carefully scanned by Google as pari of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public doinain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vai^y country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Neveitheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated queiying. 

We also ask that you: 

+ Make non-commercial use of The files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-cojnmercial purposes. 

+ Refrain fi'om automated querying Do not send automated queries of any sort to Google's system; If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



al |http : //books .google . com/ 






JJ-Wrs-S-H.^messon 









JJ'Whs.S.H.cmersom , 



^-. 



THEKL'V/ .■'-|-~n 

I ■- ^^ ' 

'■TW. !.> MUX M'ft 

1001 



A, 

1% 



■■THED, ucardloa (o let IT OoBgnM, tn tta jmr Ittt, kf ^ _ 

WILET AND FDTHAIf, 
I GImVi OBe* of tba DMrict Coort Ibr Iba BoattwiD DUMcl of Now To*. 



t'BEFACE. 



The present Edition of this Work, like tbe two 
preceding, has been compiled for the Use of the ca- 
dets of the U. S. Mihtary Academy, and comprises 
that part of the Course of Civil Engineering taught 
thera which the Author deemed would prove the most 
useful to pupils in other seminaries, studying for the 
profession of the civil engineer. 



In preparing this Edition, the Author has found it 
necessary to recast and rewrite the greater portion 
of the work; owing to the considerable additions 
made to it, and called for by the vast accumulation 
of important facts since the pubUcatiou of the former 
editions. A new form has also been given to the 
work, in the aubstiiution of wood-cuts in the hodi 
of it for the plates in the former editions, as hett>>i' 
adapted to its main object as a text-book. From 
ibese additions and changes, the Author trusts that 
the work will be found to contain all of the essential 
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)iuiu tiili'A 'iiut tacts rvspectiug those branches of the 
■<iil>jt 1 1 i»r »hich it treats; aod that it will prove a 
Jt'i \ It i<<ililit uiil to iustraetors and pupils, in opening 
iUi- vv^v ut d luore extensive Drosecntion ot' the 
HiitilixA louuucttKl wiib the engineer's art. 
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ELEMENTARY COURSE 
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CIVIL ENGINEERING, 



BUILDING MATERIALS. 

1. A KNOWLEDGE of ihe properties of building materiaJe is oro 
of tlie most imporlajit brandies of Civil Eiigiimeriiig. .'Vii en- 
gineer, to be enabled to make a judicioua selection of materials, 
ami to apply them so thai Uie ends of sound economy and skilful 
workmanship sliali be equally subserved, must know their or'- 
dinary durability under the various circumstances in which they 
arc employed, and the mcana of mcre^ing it when desirable ; 
tlieir capacity to sustaiji, wilhout injuiy to llicir physical quali- 
ties, permaneiil strains, whether exert e a lo crush tnem, tear llieni 
asunder, or to break thctii transversely ; tlieir resistance to nin- 
ture and wear, from percussion and atlrilionj and, tinally, lliG 
time aii'd expense necessary lo convert llicin to the uses for which 
they may be required. 

3, The materials in general use for civil construclions may be 
arranged under the three following heads : 

let. Those which, constitute tlio more solid components of 
structure-B, as Sto/te, Brick, Wood, and ihc Metals, 

2d. The cements in eencral, us Mortar, Mastics, Glue, &c., 
which are used to unite tlie more solid parts. 

3d. The various mixtures euid chemical prcp'jHtions, ae BolU' 
Uons of Salts, Faints, Bitumiiiotis Siibsltinces, &c., employed 
to coat the more solid parts, and protect them from the chemical 
and mechanical action of aLmosplieric changes, and other causes 
oi destruciibility. 

STONE. 

3 The term Stone, or Rock, is applied to any aggregation of 
aeverul mineral substances. Stones, for llie convenience of de- 
icription, may be arranged under tliree general lieada — the niu 
cioui, llic argillaceous, and the calcareous, 

1 



s 



BntX-DIKG Hi-TBRIAt-S. 



4. SiLicious Stones. The stones arranged under Uiis heail 
receive their appeUalion from silex, tlic principal conHliluenl of the 
minerals which compose them. Tliey are also freqiienlly desig- 
nated, cither accorduig to the mineral found moi^t abuiidanlly in 
theiD. i>r from the appearance of the slone, a» feld^uthic, quart' 
zosc, urenaceons, &c. 

5. The tiihcious stones generally do iiot dTcnesce with acid^ 
and eitut BpiLrks when struck will] ii slco). Thoy possL-as^ in a 
lii^h dezrec, the properliea of slrcngtli. hardnesa, and iJurahJiIy ; 
and, altJiough presciiliug great divprsily in the degree jf these 
properties, aa well as in their structure, they furnish an i slensive 
variety of ilie best stone for tlic various purposes of tlie engineer 
and ajx^hilect. 

6. Sienite, Purphyrif. and Grten-stone, from the ahundance 
of feldspar wliieh they contain, are often dcsignat'Cd as fcldapathic 
rocks. For chuabilitv, strength, and hardness, tlicy may be placed 
in llie fiT^t rank of !«i'icious stones. 

7. Sifnitc consists of a granular agffrcgatioii of feldspar, horn- 
blende, and quartz. It furnishes one of tlie most valuable building 
stones, particularly for almcturea which require great strength, 
or are exposed lo any very active causes of destrucUbility, as 
sea walls, lightJiouses, and lortlfi cations. Sienite occurs in e.xieu- 
sive beds, and may be iftblaincd, from tlie localities ■ftlicrc it is 
quarried, in blocks of any requisite size. It docs not yield easily 
lo the chisel, owing lo its great hardness, and when coarse- 
grained il cannot be viTought Lo a smooth Bm^"acc. Like all 
Htones in which feldspar is found, the durability of sienile de- 
pifinds essentially upon Uic composition of tlit3 mineral, which, 
owing toi tlie potash it contains, sometimes decomposes very rac^ 
idly when exposed to the weather. The diii^bihty of feldspatliic 
rocks, however, is vciy variable, even where llicir composition is 
the same ; no pains should therefore be spared to ascertain lliis 
property in stone Inkcii from new qilaiTics, before using it for 
importaiii public wniks, 

8. Faqihtyry. Tliis stone is usually composed of compact feld- 
spar, Imving ci^stals of tlie same, ajid sometimes those of olhei 
minerals, scattered lluough iSie mass. Porphjry furnishes stonci 
of various colors and texture ; the usual color being reddish, ap 
proaching to piu-ple, from wluch ihc stone takes its name. Ont 
of the most beautiful varieties is a brecciaied porphyry, conaii^t 
ing of angular fragments of the stone united by a cement of com 
pact feldspar. Porphyry, from its rareness ana exueine hardness 
jB seldom applied to any other than onHinienta! purposes. Tht 
best known localities ol sienile and porphyi-y are in the neighbor 
hood of Boston. 

9. Green-iUme. This stone is a mixture of homblfinde wiu 



STONS. 



common ami compact feldspar, presenting soinGtinies a oranulai 
though usuaJly a compact U'xture. Its ordinary color, wlien liry 
is some aliaJe of brown ; but, when wet, it becomes gi-eenisti, 
from which il lakes ils name. Grecn-slone is verj' liard, and 
cue of the most duiablc rocks; but, uccurriug in smdi and 
iiregular blocks, ils uses as a buildintr slone are very restricted. 
When walls of this stone are built with very white morlar, ihcv 
prcacnl a picturesque appearance, and it is on that account well 
adapted to rural architecture. Irrcen-atone might also be used 
is a inaterial for road-niakine ; large quantities of it arc annually 
taken from the principal locality of this rock in ifie United Stales, 
80 Welt known aa ihe Palisades, oil t)ie Hud;uti, for coiisiruel- 
ing wharves, as it is found to widistand well tlic action of jtall 
water. 

10. Granite and Gjieiss, The constituents of these two stonea 
arc the same; being a granular aggregation of quartz, fL'ldsjmr, 
and micaf in vanaol* proportions. They difft-r only In their 
sinidure ; gneisii being a stratified roct, tlie ingredients of 
which occur frequently in a norc or less laminated slate. Gneiss, 
allliough less valuable than granite, owing lo ihc effect of its 
stnielure on the size of ihe blocks which it yields, and from ils 
not splitting as smoothly as graiutc acroaa iis hed.s uf alratiticn- 
tion, furaisnes a building stone suitable for most rirehitectiiral 
purposes, h is also a good flagging material, when it can be o1> 
tainnd in tiiin slabs. 

Granite varies greatly in quality, according to its Icxiurc and 
the relative proportions of its con&tiluenls. When the quartz is 
in excess, it renders the stone hard and brittle, and verv dtEliculi 
Ic be worl^ed witii llie cliis-el. An excess of 1111^.1 usually umkcs 
the Htoiic friable. An excess of feldspar gives llie stone a white 
hue, and niiikea it freer under llie chisel. The best granites nrp 
llioac willi a fine graint in which itic conatitueiils seuiu uiufurinly 
disseminated through the mass. The color of granite is usually 
some shade of gray ; wh'en it varies from tliis, il is owia^ to t)ie 
color of the feldspar. One of its varieties, known as Oriental 
gnmitc, has a Ane reddish hue, and 13 chietly used for ornainenlal 
purposes. Granite is sometimes mistaken for ^iienite, when it 
contains but hltle mica. 

The quality of granite is affected by tlie foreign niineralB ivhidi 
il may contain ; hornblende is said to render it lough, and sclicrl 
makes il quite brillle. The protoxide aiwi sulphiirots of iron aru 
llie tnost iiijunous in their eljecls on graiiile ; llic former by con* 
version into a peroxide, and the latter by decomposing, destroying 
tlie structure of tlie stone, and causing it to break up mid disin- 
tegrate. 

Granite, gacisst and sicnite, diifcr so little in Uicii essential 
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qualilics, as a building materia). th»t ibey may be used indiSer 
enlly for all structures of a solid and durable cIsarairteT. Tfcey j 
are eitensisely quarried in mosl of ihc New England Slates, ia 
New York, and in some of ilie oilier Slates interscclfd Sy the 
great nuige oi pjrimitire rocks, where tbe quarries ic cciiliguoufe 
to tiiie-waler. 

1 1 . Mica Slate. Tin' coiislitueiits of this iJtone are quartz and 
mica ; die latter predonKniitin^. It is principally used aa a j!(^< 
giig slone, and as z/ire mane, or lining for furnaces, 

12. Buhr, or MiUsione. This is a very banl, durable stOQ6| , 

E resenting a peculiar, h&neycomb ap|)earance. It niakcs a good 
uildtng material for cocmion pnrpoaes, and is also suitable fof 
roa.' coverings. 

13. Hom-slonc. This Js a highly silicious and very hard 
stone. It resembles flinl in its struclure, and taJies its name ^i 
frono] its tianj^lucent, hom-tike appearance. It fumi5hc» s feiy ^H 
good road material. ^^ 

14. Steatite, or Soap-stone. This slone ia a parlially indura- 
ted talc. It is a very soft stone, and not suitable for ordinary 
building purposes. It fumiBlics a good iire-stone, and is used 
for llie lining of fireplace^a, 

15. Talcose Slate. This atone reeemblea mica slate, bcin^ aii 
aggregation of ouarlz and talc. It is applied to the same pur- i 
poties as mica slate. 

16< Sandstone. Tliis stone coniiista of grains of silicioua 
»aiui, arising from the disLntegralion of silicioiis rock)), which are 
united by some natural cement, gf nerally, of an argillaceous or a 
silicious character. 

The strength, hardness, and durabiUiy of sand-atone vary be- 
tween very wide limits. Some varicliea being liltlc inferior to 
good graiiite, as a building stone, others ttciiig very soft, friable, 
and disinlegrating rapidly when exposed to 0ic weather. Tbe 
least durable sand-stones are those which conlain the nio&t argil- 
laceous matter ; Utoae of a feldspalhic character are al30 found 
not to witlisland well llic action of weatljer. 

Sand-stone is used very extensively as a building stone, for 
Bagging, for road malcrials, und some of its varielictji furnish an 
eicelleiit fire-stone. Mosl of the varieties uf sand-slont; yield 
readily under die chisel and eaw, and split evenly, and, from 
Jiese properties, have received from workmen lEic name oi free 
stone. The colors of sand-siont; present also a variety of Bhades, 
principally of cray, brown, and red. 

The formationB of aand-stone in ihc United Slates are very 
CJttensivc, and a number of quarries are worked in New Kngianu, 
New York, and Ltic Middle Slates. These formations, and Uie 
diaracter of the slone obtained from them, are minutely dcs.-ribed 
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in ihe Geological Reports of these Siates, which have beer pul* 
lished wlliin the laal lew yanra. 

Moat of Uie sloiie used lor the public buildiiiga in Wasliington, 
is u saiid-sloiie obiaim-d from quarries on Acquis Creek and the 
nnppahannock. Much of Ihia Stone is fcldspathic, poSaesses bul 
linle Btrciiglh, and disbitiegTales rapidly. The red aand-stonea. 
wllich are used in our large ciljes, are either irora quarries in a 
formation extending from tlic Hudson to North Carolina^ or from 
a separate deposite in tlie valley of the Connecticut. The most 
durable and hard portions of these formations occur in tiie neigh 
borhood of trap diKes. The line flagging- atone used in our cities 
i3 mostly obtained, either froni the Connecticut quarrieg, or from 
others near the HudsoUj iii. the Catskill group of mountaina. 
Many quarries, wJiich yield an escellent building stone, are 
worked in the extenaive formationa along the Appalachian range, 
which enends through the interior, through New York and Vir- 
ginia, and the intermediate Slates. 

17. Argillaceous Stones. The stores arranged under this 
head are mostly composed of clay, in a more or less indurat'Cd 
state, and presenting a lanunaled structure. They vary greatly 
in Btrenglh, and are generally not durable, decomposing in aome 
cases verj' rapidly, uom changes in the metallic aulphureta and 
aalta found in most of them. The uses of this class of atones 
are restricted to roofing and flagging. 

18. Roofing Siate. Tliis well-known stone is obtained from 
a hard, indurated c!av, tlie surfaces of the lamina having a nalu- 
ra.1 polish. The best kinds spLt into thin, uniform, light ^labs ; 
arc free from sulphurets of iron ; give a clear ringing sound when 
struck ; and absorb but little water. Much of the rooting slate 
quarried m tlie United States is of a very inferior quality, and 
becomes loltenj or decomposes, after a few years' ejcp03ure. The 
durability of the best European slate is about one hundred years ; 
and it is stated that the materiial obtained from some of the quar- 
ries worked in the United Slates, is not apparently inferior to the 
best foreign slate brought into our markets. Several- quarries of 
roofing slate are worked in the New England Stales, New York, 
and Pennsylvania. 

19. Graywackc Slate. The composition of iJus stone is 
mostly indurated clay. It has a naoTC earthy appearance tlian 
argillaceous slate, and is generally distinctly arenaceous. Its 
eoTors are usually dark gray, or red. It is quarried principally 
for flagging-stone. 

20.IIor7)h}ende Slal^ This stone, known also as green-stone 
elate, properly belongs to the Bilictous class. It consists mostly 
of hornblende having a laminated stnicture. It ia chiefly quarried 
for fiagging-stone. 
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Low is ih? principal constiiueni 

. al wlbdi, known as hme-slnne and 

I amamt of ordiruiiy biiiMmg etotic, most 

m, waA ibe chief itigrcdiciit in thr conipo- 

■i ■wliiii used in stone and Itrick-nark. 

._ . __. flapiawly wiUi acida; ils ICSliirc 13 de- 

1 iff « iMas hm. wfaicb also drives off ils caii)onic nrid 

il tnle mack lime. By absorbing water, 

into a a^draie, or slaked Ume ; consider- 

I daring UiM cliemicai change, and die slono 

•ad grutwfilly crumbles down into a tine 

The iBeHAoMa pnasM gr^l diversity in their physical prop- 
crtm. 8aBe«f tfaemaeon asdmabk as the best s^icious stones, 
■■d«Bballial«HAEfHru>lhesninBtrength :iiiit hardness ; oiliers 
dtosmpoac M itf y «■ cxpoMire to the weather ; and some kjnds 
m to mA tnH, «rbea fint cjuanicd, tlicy can be scratched with 
ibe mfl, and brakcB betwcca the fingers. Tlic lime-stonaa are 
glMillfj' irt'prrr *iT*"rTif*": uid wc are indebted to these vcn- 
|HliilitT far Mme of the bom beautiful, aa well aa the niotit mvaU 
daUe BkUffiili OHd lor uiuiiiuctions. 'l\i»sc. which are colored 
by Bi'imflK coadcs, or bjr the presence of other minerals, furnish 
t&e Iw^ number of calcred and vaiip^lcd marbles ; whde tho8« 
.which conlatn a certain proportion of clay, or of magnesia, yield, 
on calcinuioii, Uiosc cements whicli, from their po&scsBing the 
pH^ity of ba/dcning lUKier water, Iiave received the v^otl* 
appcllaliuns of htfdraulic lime, water time, Roman cement, &c. 

Lime-none is divided into two princi|ial classes, granular 
lime-stoae and compact limC'Storie. Kachaf these furnishes bolii 
tlie marbles and onJinary building Wone, The varieties not sus- 
ceptible of receiving a polmh, arc eomctimes called common lirae- 
atonn. 

The granukr lime-stones are generally superior to the compact 
for huilding purposes. Those wliich have the finest grain are ihe 
beat, both for marbles and ordinary building stone. The coarse- 
grained vancUcs arc fr<M^iicntly friable, and disinte^^lc rapidly 
when eiqioaed lo the weather. All the varieties, bolli of the com- 
pact and granular, work freely under llic chisel and grit-saw, and 
may be obtained in blocks of any suitable dimensions for the 
heaviest slructures. 

The durability of lime-stone is very materially affected by ihc 
foreign minerals it may contain ; ihe presence of clay injures ihe 
storte, particularly when, as aomelnnes liappcns, it runs through 
the 'led in very minute veins : blocks of stone having tliia imper* 
fection, soon separate along these veins on exposure to inoismrc. 
The proloride, the protocarbonale, and the sulphuret of iron, are 
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also very Jestruclive in tlicir ciFectB ; frequently causing, by then 
cliemiciil chanj^cs, rapid disinlcgration. 

Among the varieliea of impure carbonntes of lime, Oie 7iiiigne- 
gtan liiue-atones, called dolomites, merit lo be parUcularly no- 
ticed. They are regarded in Europe as a superior building 
luateria] ; tliose being couaidered Uie best which are moet crys- 
talline, and are composed of nearly ei^ual proportions of ihc 
carhonales of lime and magnesia. Some of the quarries of ihin 
Btonc, w'liich have been cipencd in New York and Maasiichiirictl?, 
fiavp given a difftrerit result ; the stone obtained from them bein^, 
in some caHos, e.\trentely friable. 

22. Mwbirs. The term marble is now applied esclusiTcly 
to any liine-stone ■which will receive a polish. Owing lo the cost 
of preparing marble, it is rcatricted in ila usea lo ornamental pur- 
piwes. Tlie marbles present great variety, both in color and ap- 
pearance, a.nd have generally received eorac appropriate name 
descriptive of liiese acridenla. 

23. Slatuary MarUe ia of the purest while, finest grain, and 
free from all foreign minerals. It receives, ilml dehcalc polish, 
withuul glare, which admirably adapts it to the purposes of the 
sculptor, for wltosc \iivi it is mo^tSy reserved. 

24. CoiiglomfralE Marhh. Tliisconsistaof two varieties ; ihe 
one termed pudding Btone, wlijch is coinposed of rounded pebbles 
jinbeilderi in compact lime-stone ; the other termed breccia, con- 
sisting of ani^il;ir fragmcutJii united in a similar manner. The 
cclora of ihese marbles are generally variegated, forming a very 
handsome omamenlal material. 

25. Birds-eye M^iri^h. T^ic name of ihie stone ie dcscriplivc 
of its appearance, which arises from the cross sections of a pecu- 
liar foBSil {/ucoides demis^us) contained in the ntass, made in 
sawing or splitting it. 

26. Liimackella Marble. This, h obtained from a Ume-stone 
having shells imbedded in it, and lakes its name from this cir- 
cumslancc . 

27. Verd Antique. This is a rare and costly variety, of a 
beautiful green color, causeil by veins and blotches of terpentine 
diffused through ihe liine-stone. 

28. The terms vetned, golden, Italian, Irish, &c., given to 
the marbles found in our markets, are wgnificant of their appear- 
ance, or of the (ocdLilies from which they are procured. 

29. Lime-stone is so extenaively diffused tJiroiighoul llie Uni- 
ted Stales, and is ijuarried, cilher for building slone or to furnish 
lime, in bo many localities, that il would be inipracticablc lo cnii- 
merale all within any modrntte compass. One of the most re- 
markabJe fwrmaiions of lliis slone extends, in an unijUcmijited 
Dcd, from Canada, ilu'ougb tlie States of V'eni>ORt, Mass., Conn., 
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New York, New Jersey, Pcnn., and Vjrg., and, in all probabililj 
mucli fanlier soutti. 

Mnrbles are quairieJ in various localilieiS in the United States 
Amoiig tlie most noted are the quarrita in Berkshire Co., Mass.. 
which rtimish both jnire and variogalt!d marbles; tlioae on the 
Potomac, fiom wliich tiie columns of conelomerate marbles were 
obtained tliat are seen in the inlprior of Uie Capitol at Wasliing- 
tcm ; several in New York, which fnmisli wlule. llie birds-eye, ana 
iitlicr variegated kmds; and some in Conn., which, among other 
variflies, fumisli a verd antique of handsome quality. 

Lime-stone is burned, cither for building or agricultural pur- 
poses, in aknosl every locality where deposilea of the stone occur. 
Thomaston, in Maine, haa supplied for some yi^ars most of the 
markeis on the sea-board wiih a material which is considered as 
a sup-crior article for ordinary building purposes. One of the 
greatest adciitions to the building resources of our country, was 
made in Iho discovery of the hydmulic or water lime-stones of 
New York. The pn^paralion of this material, so indispensable 
for aJI hydraulic works ajid keai'y structures of st'cme, is carried 
on exlcnsive!y at Roundout, on the Delaware and Hudson Catial, 
in Madison Co., and is sent to every pHrt of llic United Stales, 
being in great demand for all the public works carried on under 
the superintendence of our civil and military engineers. A not 
,less valuable addition to our building nialerials has been made by 
Prof. W. B. Rogers, who, a few years since, directed the attBn- 
tion of euiiineers to the dolomiles, for iheir good hydraulic prop- 
ertiea. From eipcrimcnls made by Vicat, in France, who firat 
there ubsctA-ed Uie same properties in tlie dolomite, and from 
those in our own country, it appears highly probable that the mag- 
nesiari litnc-atones, containing a certain proportion of magnesia, 
will be found iiiHy equal to Uie argillaceous, from which hydraulic 
[ime has liilherlo been solely oblaincd. 

Botli of tiiese lime-stones bclorg to very extensive formations. 
The hydraulic lime-sioncs of New York occur in a depositc called 
Uie Water-lime Group, in the Geological Survey of New York, 
corresponding to formation YI. of Prof. H. B. a 
ment of the rocks of Penn. 
till 
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ilogere' axntnge- 
This formation is co-exlensive with 



e Helderbcrg Hangc as it crosses New Y'ork ; it in exjioscd in 
many of the valleys of Pcnn. and Virg., west of the Great Valiey, 
It may he sought for just below or not far beneath the Oriskany 
sand-stdues of the New York Survey, which correspond lo form- 
ation VII, of Kogera. This sand-stone is easily recognised, being 
of a yellowisli white color, granular texture, with large cavitiei 
left by decayed shells. The lime-stone is usually an eaithy 
(kab-cdlored rock, sometimes a greenish blue, which does no 
tUke after being burned. 
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Tbc ]ivdra<ilic magnCiian lime-stones belong to the f()nna.tionB 
II. ant! V'l. of Rogers ; the firsi uf these is the same as ihe Black 
River, or Mohawk limc-slonc of the Now York Surrey. Il is ihe 
nliii^it fossilifcrous liine-stoiic in the Uiiiled Stales, and occurs 
ihrtm^jliout the whole bcd^ associated witJi the slates which occu- 
py forrnalion 111. of Rogers, and arc called tlie Hudfion River 
(•roup in die New York Survey. This extensive bed Iiea in llie 
great Appalachian, Valley, known aa tlie Valley of Lake Cham- 
plain* A aliey of the Hudson, as far as tlic Higliloiids, Cumberland 
Valley, Valley of Virginia, and Valley of East Tennessee. The 
same stone is found in Uie dcpoaitcs of some of the western val- 
leys of the mountain region oi Penn. and Virginia. 

The importance of hydraulic lime to Uie security of structures 
exposed to constant moisture, renders a knowledge of l!ic geo- 
logical positions of those tiine-stones from which it can be ob 
tauied an object of great intereat. From the results of the vajious 
geoloj^ical surveys made in the United States, and in Europe. 
lime-atone, poBaessing liydmulic propertiea wlien calcined, may 
be looked for among those beds whicli arc found in connection 
with the shaics, or other argUIaceous deposites. The celebrated 
Roman, or Parhtr^s cement, of EiiglaiiJ, whicli, from its prompt 
itidttralion in water, has become an important article of commerce, 
18 manufactured from nodules of a concreti^inary argillaceous 
limc-sloric, called sepCaria, from being traversed by veins of 
aparry carbonate of lime. Nodules of this chargcter are found 
in Mass., and in some other States ; and it is probable they would 
yield, if suitably calcined and ground, an article in nowise inferior 
to tliat imported. 

30. Otjpsum, or Plaster of Paris. This atone is a sulphate of 
lime, ana nas received its name from the extensive use made of 
it at PaJis^ and in its neighborhood, where il is quarried and sent to 
all parts of the world ; bemg of a superior quality, owing, it is stated, 
to a certain portion of carbonate of lime wliJcn the stone contains. 
Gypsum is a very soft stone, and is not used as a building stone. 
lU chief utility ia in furnishing a beautifii! material for the orna- 
mcntal casts and mouldings in the interior of edifices. For this 
purpose it ia prepared by calcining, or, aa the workmen term il, 
boiling the atone, until il ia deprived of its water of cryalallizalinn. 
In tliiij state it is made into a tliin paste, and poured into moulds to 
form Uie ca^t, in which itliardeos ver}'' promptly. Calcined plaster 
of Paris is also used as a cement for alone; hut it i» eininemly unfil 
for tliis purpose ; for when exposed, in any situation, to moisture 
it absorbs it with avidity, swells, cracks, and exfoliates rapidly. 

Gypsum is found in various localities in tlie United Stales 
Large quantities of jt are cjuarrieii in New York, both for build 
mj aad agricultural purposes. 

2 
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31. DiTRABiLiTY or Stoxe, The naoet imporlatit propertiea 
of stone, as a building malerial, are ilB durabiliiy uiiiler uie or 
dinary ciicumstances of exposure to weather ; ju capacity to 
sustttitl High degrees of tempcralure ; and its resistance to UlO 
destructive action of fresh aiid salt water. 

The wear of stone from orduiaoy espoeure ia veiy variable, 
ileptikdijig, not only upon the texture and constituent eleiBenls of 
the atone, but also upon liie locality and ttic position il may oc- 
rupy in a stniclure, with rcapect to the prevailing driving rains. 
The chemist and geologist have not, tliua far, laid down any in- 
falJiWc ndcs lo guide the engineer in the selection of a material 
tliat may Tic pronounced durable for the ordinary period allotted 
to llie works of man. In truth, Llie subject admits of only gen- 
eral jntbcations ; for stones having the same texture and chemical 
composition, from causes not fully ascerlaiiied, are found lo pos- 
seBa very different degrees of duration. This has been pamcu- 
laxly noied in feldsjKiUiic: rocks. As a general rule, tlioae atones 
wliich are fine-grained, absorb least water, and are of greateBt 
spcci6c gravitVi a^e also most durable under ordinaiy exposures. 
The weight of a stone, however, may arise from a large propor- 
tJOTi of iron in tlie state of a protoxide, a circumstance generally 
unfavorable lo its durability. Besides, tlic various chemical com 
Ijinationa of iron, polasli and clay, when foimd in considerable 
quantities, both in the primary and sedimentary silicious rockSi 
greatly aflect tlieir durability. The potash contained in feldj^r 
dissolves, and carrying off a coaaiderablc proportion of tlie uiliea, 
Ic&vea nothing but aluminous matter behind. The clay, on the 

ler hand, absorbs waier, becomes soft, and causes the ntxjne to 
ible to pieces. Iron in the form of protoxide, in Some caseai 
"oBlyj discolors the stone by its conversion into a peroxide. Thi« 
dtKoloration, while it greatly dirainiahes the value of some slonea, 
as in while marble, tn others is not diBaerecable lo the eye, pro 
ducing often a niotlled appearance in buildings which adds lo the 
picturesque effect. 

32. Frost, or rather the alternate actions of freezing and thaw 
ing, is Uie most destructive agent of Nature with wKirh the en 
gineer has to contend. Its effecU vaiy with the texture of stones |^ 
Wiose of a fissile nature usually sphtting, wlule the more poroui 
kinds disintegrate, or exfoliate at the surface. Wlieii alone from 
a new quarry is to b^tried, the best indication of it» resistance tc 
frost may be obtained from an examination of any rocks of tlie 
same kind, within its vicinity, which are kno^ni lo have been 
exposed for a long period. Submitting the stone fiesh from tli^H 
quarry lo the direct action of freezing wouJd seem lo be tlic mogf^ 
certain test, were llie stone destroyed by the expansive actioiJ 
alone of frost : but beaides the uncertainly of thii. test, it is knowvj 
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nhat some slonea, which, when firsi quarried, are much affected 
by frosl, siilmiiig under lis utiioii, liecoinc impervious to il aflci 
ihoy liave lost llie mointurc of Uie quarry, as tficy do not re-absorb 

, Ocar so large an amount as ihcy bring from llie quarry. 

33. M, Branl, a French ciiemisl, has given a process for aa- 
' Curtaining llie ellectd uf frost on stoitt-, which has met with the tcp- 

proval of many French archiiects and cngiiici'i's of atanding, as it 
I rorroaponds with their experience. M. Brard directs thai a &inail 
cubical block, about two inches on ihe edge, shall be carefully 
aa-wed fruni llic stont to be tested, A cold aaiuralcd solution of 
flulphate of soda is prejiarcd, placed over a lire, and brought ta 
the boiling point. The stone, suspended from a Blring, is im- 
mersed in Itic boiling liquid, and kept there during thirty mimiLes ; 
it IS liieti carefully withdrawn ; the liquid is decanteti free from 
RediineiH into a flat vessel, and ihe stone is suspended over it in 
ft cool cellar. An efflorescence of die salt soon makes its appear- 
ance on the stone, when it must be again dipped into llic liquid. 
Tttis should be done once or mute irequcnilly during tlie day, 
BJid the process be coniinueJ in this way for about a week. The 
■ earthy seJimeni, found at the end of this period in the vessel, is 
Weighed, and its quantity will give an mdicaliou of the like effect 
c^ frost. This process, with llie official slalenient of a commission 
of engineers and archiiects, by whom it waa tested, is minutely 
detailed in vol. 36, Aniiales ae Chimie H dc Physique, and the 
results arc such as to conujjcnd it to tlie attentxm of engineers in 
aubmilling new stones to trial. 

34, By the absoqjlion of water, stonee become 8oft«r and mora 
friable. The materials for road coverings should be selected 
from those stones which absorb least water, and are also hard 
and not brittle, d^ranite, aiid its varieties, lime-stone, and com- 
mon sand-stone, do not make good road materials of broken stone. 
AJl ihc honibiendc rocks, porphyry, compact feldspar, and ll» 
quanzose rock associated with graywacke, furnish guLid, durable 
rood coverings. The tinc-graitied granites wliich contain but a 
small proportion of nnca, the fine-gramed siiicious sand-stones 
which are free from clay, and carbonate of lime, form a durable 
material wb^n used m blocks for paving. Mica sktc, talcoge 

Ifllate, hornblende slate, some varieties of gneiss, some varieties 
of saiid-slone of a alaly structure, and graywacke slate, yield ex- 
Celleirit malcriais for flaf^-stonc. 
85. The influence tif locality on llie durability of stone is very 
ftmrked. Slone is observed lo wear more rapidly in cities tlituj 
ui the country ; and the atone in those parts of edifices ciiwtscd 
to the pretaiting rains and wind^, soonest exliibits signs of decay. 
I The chsintcgralion of tlie alralified Htonas placed m a wall, iS 
Jy affected by tlie position wliich the strata, or qtuary-bed 
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rccciveB, willifesped to the exposed s^'rfacc ; proceeding fas 
when tlic faces of ihe strala aio cxpcaed, ihan in th« contrary 
posilion. 

313. Stones which resist a high degree of heat without fusing 
are used for lining furnaces, and are termed lire-stonve. A good 
firc'Slonc should not only be infusible, bm also not liable to crack 
or crfoliate from heat. Stones that cuntaiii linio, or magnesia, 
except in the form of silicates, are usually unsuitable for firo- 
stones, Sonio jwrous. siheious lime-sloiies. as well as some gyp- 
soua silicious rocks, reaial moderate degrees of heat. Stones 
that contain much jxilasli are very ftisibJe under high tempera- 
tures, running into a glassy substance. Quartz and mica, in 
various conibuialions, fiirrnsfi a good firC'Stonc ; as, for example, 
finely granular quartz wi]h tliin layers of mica, mica slate of iho 
same structure, and a«me kinds of gneiss which contain a Ibj^ 
proportion of arenaceous tjuarlz. Several varieties of sanil- stone 
make a good lining for furnaces. They are uaually those varie 
lies which are free from fclJspar, somewhat porous, and are un 
crj'etallized in the maas. TalcoHO slate likewise fiu'iiishca a good 
fiie-stonc. 

37. Hardness is an essential quality m stone exposed to wear 
tj'om the altiition of hard bodies, SlOnCa scL'Cted for paving, flu' 
ging, and steps for stairs, should be hard, and of a grain suffi 
cieiitly coarse not to admit of becoming verj- smooth under the 
action to wliich they arc submitted. As great Iiardnes* adds to 
the difficulty of working slonc with tiie chisel, and to Ihe cost of 
the prepared material, builders prefer the softer or free-stones^ 
such as tlie lime-stones and sand-stoucs, for most building pur- 
poses. The following are some of the reaults, on ilij* pomtj, ob 
lained from experiment. 

Table showing the restdt of experiments made under Ike direc 
tion of Mr. Walker, on the ujear of different stones in ihf tram- 
way on the Commercial Road, London, from 21tk Marcht 
1830, to 24ik August, 1831, being a period of seventeen 
tnonths. Transactions of Civil Engineers, vol. I. 
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Name oTitoae. 



GuemBoy . 
Muriiie . . . 

Budle . . . 
Peterhead (blue) 
Heyior . . 
Aberdeen (led) 
Daruuuor . 
.Aberdeen (blue) 
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The \ 1 niiereiat Road st&neway consists of iwt pariillcl linei 
of reclangu'ar Irajnslonca, 18 inclica wide by IZ inches deep, and 
jointed to e;<i.l\ itlUcr endwise, fur tlie wliuds lo travel on, wilh a 
common su-^i^l piiveracnl between l\n ilie liorsea, 

The io\\Q■^^^ I.1U iMf gives the resulls of eomc (-xpL-riineiita on 
ihe wear of ii finc-grjiined sand-sloin; pavement, by M. Coriolis, 
durinf; 8 yini^, lipoii iIil* paved road from Paris to Toul-oiiae, the 
carriage oviif which is auoul 500 tons daily, published in ihr 
Annates des VonU et Chausees, for March and April, lfcl34 
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M. Coriolis remaiks, tliat the weight of water absorbed affonle 
one of die best indications of the aurahiliiy of tlic fine-grained 
Ban-d-stoncs Uficd in France for pavementa. An equally good ti^st 
of the relative durability of stones of the same kind, M. Coriohs 
stales, 13 the more or less clearness of sound given out by Btriking 
the stone with a haninier. 

The following results are taken from an article by Mr. James 
Frost, CiV. Engineer, inserted in the Journal of the Franklin 
Snsittute for Oct. 1935, on the resiElauce of various substances 
10 abrasioti. The Bubatanecs were abraded against a piece of 
■while statuary marble, which was taken aa a slandara, repre- 
sented by 100, by means of fine emery and sand. The relative 
resistance was calculated from the weight lost by each subatsiice 
during the operation. 

CompaTative Resistance to Abrasion. 

AbeMleeii granite ... . , QBQ 

Hard Yorkshire paving ilano .... 327 

Italian black marble ..... 360 

Kilkenny bJBc^k marble 110 

Sioitiarj Marble 100 

0I<1 Ponland atone 79 

Roman cement itone BS 

FiDB-grained Newcaitle grioditono ... 53 

Sioek brick 34 

Coarw-^rained Newcaille giiadstooa . . 14 

Bath elone U 
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39, Ifime, considered 43 a building maierial, is now iisiiiiTlj 
divided into \hrce principal classes; Cam/non, or Air line, //y- 
druulic lime, and liydrtudiCy or Water cement. 

39. Common, or air lime, is go calliid because llic paste matk 
from il with water will harden ojily in the air. 

40. Hyd'awhc linn; and liydraufic cement both take iheir m 
from hardening under water, Tlie former diiferft from ihe Ultctl 
in Iwo essential points. It slakes Liiorougtdy, like common lime, 1 
'when deprived of its carbonic acid, and it does not hardc 
promptly under water. Hydraulic cement, on the contrary, dc 
not slake, and visually hardens rcry soon. 

41. Our nomenclature, willi regard to these substances, is stiQl 
quite defecti-ve for scieiilific arriingeniEtit. For ttie linn^-sionci 
which yield hydrauhc lime when completely calcined, also givs 
an hydrauhc cement wlien dejjrived, of a portion only of Iheij 
carbonic acid ; and other linte-^tojies yield, on calcination, a rssult 
wliich can neither be termed lime nor hydratilic cement, owing 
to its slaking very imperfectly, and not retaining ite hardness 
which it quickly takers when hrst placed under water. 

M. Vicat, whose able researches mlo the properliea of hme and 
morlara arc so well kuown, has proposed to apply the term cemtuti 
liriiC'Sturies (calcairfs <i cime/i!) to thoac atones vvhicli, when com< 
plelely calcined, yield hydraulic cement, and whjch under no d< 
■grce of calcination, M'ill give hydraulic lime. For the lim^8tone«| 
wlueh yield hydraulic lime when completely calcined, and which/ 
when sui/jected Lo a degree of heat inautRcient to drive off all tJieiH 
carbonic acid, yield hyilraulic cement, he proposcg to retain ihiij 
name hydrauhc lime-aionea ; and to call the cement obtaim ' 
from llieir incomplete calcination, under-burnt hydrauhc cemcin 
{ciments iTincuils,) to distinguish it from that obtained from lh< 
cement atone. Wilh reapcet lo those lime-atonea which, by calV 
cination, give a result that partakes panly of the projx'rties bolh 
of limes and cements, he proposes for tliem the name of dividing 
UmcSi [chaux lirnites,) 

The leTmifat and meager are also applied to limes; owing to 
Uifl difference in the quality of the paste obtained from them with 
the same quantity of water. The fat limes give a paalc which 1*^^ 
unctuous both to the sight and loucli. T]ie meager Umca yield ^M 
n thin paste. Thcae namca were of some importance when first ^ 
introduced, as ihey served to distinguish common from hydraulic 
lime, the fonner bebig always fal, the latter meager; bul> later 
experience having shown Uiat all meager limes are not hydraulic, 
the Icmu arc no longer of use, eitcept to designate qualiUCB of 
tlie paste of liines. 
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42. HtidraiiUr Limes and Cements. The lime-stones which 
yield ihcse subataticcs axe eitiier (ir^itlaccous, or mtiznesian, ar 
argilv-inti^iipsiuii. The priitlucls of iheir calcination vary roii- 
sidernlily in lln-ir liydraulif prnpcrties. Some oC the hydraulic 
linit i Iiardcn, or set very altiwly under waler, while others eel rap- 
idly. The hydrauh« cements eel in a very short time, This 
diversity in the hydraulic energy ol' the argillaccoua hmc-eluiieB 
ariseH Irorn iho variable proportions in wliich the Unte and clav 
enter into their composition. 

4y. M. Pelot, a civil engineer in the French aervire, in an able 
work ciilitlcd Reckfrchnif s'tr h Clmuffoitniei-ie, ^vcs tJie follo%tr- 
ing lahle, exhibiting theac combinations, and the results obtained 
from their calcination. 
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44. The most celebrated European hydraulic cemenia are ob- 
taineil from argillaceous lirne-atoriea, wliich vary but slighlly in 
their constituent elements and properticB. The following table 
gi?ea tlic results of analyaea to delcmiiiie the relative proporliona 
of lime and clay in these cements. 



Table of Foreign Hydraulic Cements^ showing the relative pro- 
portions of Clatj and Lime contained in them. 



English, {eommnnly tnoipn as Parker's, or Roman cement) 
French, [made from Brndiigne ptbblts) 

Do. I^Pouilly) .... 

Do, do. .... 

Do (Baye) 

Rusi.ian ...... 



LlBM. 



ad. 40 
fi4.0CI 
42.86 
8 ft. 3" 
at 63 



Clay. 



44.60 
46.00 

07.11 
63. H3 
7S.3fl 
3N.00 



The hydraulic cements used in England are obtained &otn 
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nriouB localities, and differ but. little in the relative proporticxu 
of lime and clay found in them. Parker's cement, so called from 
the name of the person who first introduced it, is obtained by 
calcining nodules of septaria. The composition of these nodule* 
18 the same as that of the Boulogne pebbles found on the oppoaite 
coast of France. The stones which furnish the English and 
French hydraulic cements, contain but a very small amount of 
magnesia. 

45. The best known hydraulic cements of the United States, 
are manufactured in the State of New York. The following 
analyses of some of the hydraulic lime-stones, from the most 
noted localities, published in the Geological Report of the State 
cf Wew York, 1839, are given by Dr. Beck. 



Analysis of the Manlius Hydraulic Lime-stone. 

CsitNxiic acid 3S.80 

Lime 86.84 

Magneeui 18.80 

Silica and alumina .... 13.60 

Oxide of iron 1.86 

Moiature and loaa .... 1.41 



100.00 



This Stone belongs to the same bed which yields the hydraulic 
cement obtained near Kingston, in Upper Canada. 

Analysis of the Chittenango Hydraulic Lime-stone, before and 
after calcination. 







UabMiL 


Carbonic acid and moiatare 
Magnesia .... 
Alumina and oxide of iron 


Bant. 


Caibooio add . 
Ume . 
Magnesia . 
Silica . . . 
Aluvina 
Peroxide of iroo 
Hoisiuro 




39.33 

85.00 

17.83 

11.76 

8.73 

1.60 

1.50 


10.90 
39.60 

38.87 
16.60 
10.77 


100.00 






100.00 





i.[Me. 
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iTysis of the Ifydrauhc Limn^stcr.e from Ulster Co., along 
tfie line of the Delaware a?id Hudson Canal, before and after 
burning. 



1 
Carbonia wid . . . 




UatianLL 


Bui&L 


3tS0 


5 


Lifns . , , , 




S5.50 


37.fl0 


Mft.gna&ia . . 




19-35 


J6.B& 


Silica .... 




1&.3? 


aa,75 


Alumiflft . . , , 




9,13 


13.4I> 


j Oxidc of iron . 


.■ . . . 


S.S5 


J.SO 


biiaminous matter, moUtnn 


nod toi9 


1. 90 


130 


100.00 


lOO.OO 



The hydraulic cement from Uiis last locality has become gen- 
erally well known, having been successfully used for most of the 
military and civil public vvorltB on the sea-board. 

From the results of the analyses of all tlie above hmCBtones, it 
appears that the proportions uf lime and clay contained in iheni 
place them under tlie head of hydraulic cements, according to the 
classificBlinn of M. Pelot. Tliey do not slake, and tliey all set 
rapitUy under water. 

46. The discovery of the hydraiiUc properties of certain maa 
neaian hme-sloncs is of recent dale, and is due to M. Vical, who 
Brst drevT atlcntioo 1o ih'C subjccl. M. Vicat inclines to Uie 
opinion, that magnesia alone, without the presence of some clay, 
will yield only a feeble hydraulic lime. He states, that he has 
never bocn able to obtain any other, from proceeding synllieticallv 
with common lime and magiiesia ; and that he knows of no wclf- 
authenli<:aled instance in which any of the dolomites, either of 
llie primitive or transition forrnalions, have yielded a good hydrau 
lie Ume. The stones from these formations, he states, arc devoid 
of clay; being very pure crystalline carbonates, or else contain 
aiiex only in the fttnle of fine sand. From M, Vicat's experi- 
ments, it is reodcrcd certain tl)at caibonatc of mamcsia tn combi- 
nation with carbonate uf litne, in the proportion of iJ parts uf tha 
laUer to from 30 to 40 of the former, will produce a fiiebly hy- 
draulic lime, which docs not appear to increase in hardness aflei 
it lias once set ; but that with (he sanie proportions, some hun 
dredths of clay are rcquiaite to give hydrauhc energy to the com- 
[jound. Tliis proportion of clay M. Vicat supposes may cauat 
the formation of triple hydfo-silicales of Lmc, aluinir.a, and mag 
nesia, having all the characteristic properties of good hydraulic 
Ume. 

47. The hydraulic properties of the nugneaian hme-aleneB of 
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the United States were noticed by Professor W. B. Kt^en, wf» , 
in his Report of the Geological Survey of Virginia, 1838, bam 

Sven tlie following analyses of some of the stones from diffisreni 
cahtieg. 



Carbonate of lime .... 
Carbonaie of magnesi& . 
Aiurnina and oxide of iron 
Silica and insoluble matter 
Water 


No. 1. 


Ha S. 


Ka. 3. 


Mo 4. 


55.80 
39.30 
1.50 
2.50 
0.40 
0.60 


53.23 

41.00 
0.80 
3.80 
0.40 
1.77 


48.30 

35.76 

1.30 

12.10 

3.73 

0.01 


55.03 

S4.16 

3.60 

1&.30 

1.90 

1.71 


100.00 


100.00 


100.00 


100.00 



The lime-stone No. 1 of the above table is from Sheppardstown 
on the Potomac, in Virginia ; it is extensively manufactured for 
hydraulic cement. No. 2 is ixom the Natural Bridge, and banks 
of Cedar Creek, Virginia; it makes a good hydraulic cemem. 
No. 3- is from New York, and is extensively burnt for cement. 
No. 4 is from Louisville, Kentucky ; said to make a good cement. 

48. M. Vicat states, that a magnesian lime-stone of France 
containing the following constituents, lime 40 parts, magnesia 21, 
and silica 21, yields a good hydraulic cement ; and he gives the 
following analysis of a stone which gives a good hydrauhc lime. 



Carbonate of line 
Carbonate of magneaia 
Silica .... 
Alnniina .... 


. 50.60 

. 43.00 

5.00 

3 00 


Oxide of iron 


0.40 



100.00 



By comparing the constituents of these two last stones with the 
analyses of the cement-stones of New York, and the magnesian 
hydrauhc lime-stones of Prof. Rogers, it will be seen that they 
consist, respectively, of nearly the same combinations of lime, 
magnesia, aiid silica. 

49. Physical Characters and Tests of Hydraulic Limestones. 
The simple external characters of a lime-stone, as color, texture, 
fracture, and taste, are insufficient to enable a person to decide 
whether it belongs to the hydraulic class ; although they assist 
conjecture, particularly if the rock, from which the specimen is 
taken, is found tn connection with the clay deposites, or if it be- 
1<Rig to a stratum whose general level and characteristice are tfae 



LIUE. 



19 



MDie as the argilo-tnagneaian rocks. These rocks arc generally 
?.omc shade (if tirab, or of graVt or of a dark grayisii blue ; have 
a compact lexinre ; fracture even or coiidioidul : witk a clayey or 
eartliy smell and Inste. Alihotigli tlie liyiirdiific lime-slcmcs are 
iisuaQv colored,, still itnmy happoii ihat tJiC $tonC may be of a pure 
wliite, arising from ihe combinalion of lime wilh a pure clay. 

The (lifficuUv of pronouncing ii|>oii the class to which a. limc- 
smnc belongs, from ils physical propcrtioa alone, renders ii nocea- 
sary tortsorl lo a cliomieal anajysis, and even lo direct expcrimcnl, 
to decide the qucslion. 

50, In making a complete chemical analysis of alime-slone, more 
skill in chemical munipuli^tiotis is rcq;uisite than.cngin€ers usually 
possess; hut a person who has the ordinary elemejiUiry know- 
ledge of chcniialry, can readily ascertain the quantity of clay or 
of magnesia contained in a Ume-stonc, and from these two ele- 
ments can pronounce, nilh tolerable certainty, upon its hvdraulJc 
properties. To arrive at this conclusion, a sumli portion of tlic 
stone to be tested — about five drachms — is taken and reduced to 
apowfter; tiua is placed in a capsule, or an ordinary waicb 
crystal, and sligfitly dHuled muriatic acid is poured over it unul 
it ceases to cffen'iracc. The capsule is tiie]i gently healed, and 
ihc liquor evaporated, until tiic residue in the capaule haa acquired 
the cotisisie] ICC of djiii paste. This paste is llirown into a pim 
of pure water and well sliakcn up, and iJic tiiixtitrc is then fil- 
tered. The residue left on ihc filtering paper is ihorougldy dried, 
by bringing it lo a red heat; this being weighed will give tlic 
clay, or insoluble matter, contained m llie stone. It is iinportniU 
to ascertain the state of mechanical division of the insoiuble mat 
tcr tliua obtained ; for if it he whcfily granular, the stone will nol 
yield hydraulic lirae. The granular portion must therefore be 
carefully separated from the other before the latter is dried and 
weighed. 

51. If the sample tested contains magnesia, an indication of 
this will he given hy the slowness with which tlie acid acts ; if 
tJie (]uaiitity of luitgnesia he but little, the solution will at firsl 
proceed rapidlv and then become more sluggish. To aeccrUim 
tJie quantity of magnesia, clear lime-water must be added to the 
ftliered aohlion as long as atiy precipitate is formed, and this 
precipitate must be quickly gatlicred on filtering paper, iuid tlicn 
oe Washed with pure water. The residue from tliia waslung is 
llie magnesia. U must be tiiorouglily dried before being wcigiied, 
to ascertain its jiroportion to die clay. 

5S. Having ascertained, l/y llic preceding analyais, ihe proba- 
ble hydraulic energy of die atone, a saitiplc of it ehould also bo 
mbmiltad to direct cxperimpni. This may be likewise done ot 
I iinaU scale. A sample of Uie stone must be reduced to frag 
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mtiiitfl about the U2e of b walnut. A crucible, perforstdd 
liolc? for thii free KdmiMion of aij, is filled with tlie'se fragnient% 
aiwl placed over a fire HufficienUv powerfu! to drive off Ifie 
bonic acid of tlic stone. TKe linie for LfTecling this will depc 
on tlie inlenBity of 'lie lieat, ^Mien \hc beal has l«en appli 
for three or four hours, a Binall ponion of the calAncd stone 
be tried witli an acid, and the degree of the calcinalion may l>a 
judged of by the more or le^a copiousness of the effervescence 
that ensues. If no efferrescence takes place, Uie operatioii may 
be considered coinplctiwi. The calcined stone should be triw 
Boon after il has become cold; otherwise, it should be kept ia 
B glass Jar made as air-light as practicable until usod. 

53. When the calcined stone is to be tried, it is 5ral slaked 
by placing it in a small basket, which is immersed for five or six 
seconds in pwre water. The snore is cmplicd from itie basket » 
soon as the wiitei has drained ojT, and is allowed to stand luitil 
the slaking is teniiiiiatcd. This process will proceed more o^^ 
less rapidly, according to the quality of the stone, and the degrs4^| 
of its calcinalion. In some cases, il will be completed iu a few^' 
minutes i in otliers, porliOns only of the stone will fall to powder* 
the rest cruniblmg inlo lumps which slake very sluggishly ; whilfl 
other varieties, as the true cement slwiea, give no evidence of slak- 
ing. If tlie alone slakes either completely or panially, it must be 
converted into a pasle of the consistence of eofi putty, oeing grouDd 
up tlioroughly, if necessary, in an iron mortar. The paste is 
made into a cake, and placed on the bouom of an ordinary uim- 

' bier. Care being taken to make the diameter of the cake the Mms 
as that of the tumbler, which is filled witli water, and the time of 

, immersion noted. If the lime ia only moderately hydraulic, il 
will have become hard enough at the end of fifteen or twennr 
days, to resist the pressure of the finger, and will continue to 
harden aloVvly, more particularly from the sixth or eighth month 
after immersion ; and at the end of a year it will have acquired 
the consistency of hard soap, and will dissolve slowly in pure 
water. A fair hydraulic lime will have hardened so as to 
the pressure of the finger, in about si\ or eight days after ir 
sion, and will continue to grow harder unUl from six to twelTtt] 

^months after immersion ; il will then haic acquired the hardneH 

f«f the softest calcareou! stones, and will be no longer soluble in 

Eje water. When the stone is eminently hydraulic, it will hara^^ 
eome hard in from two lo four days after immersion, and in ono^H 
month il will be quite hard and insoluble in pure water ; after aix^" 
I months, its hardness wiU be about equal to the more absorbenc 
i calcareous stones i will splinter from a blow, presenting a . 
' fracture. 

As the hydraulic cements do not slake perceptibly^ the 
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no mu?t first be reduced to a fine powder before il \a mada 

llulo a pasle. The paste, wlicn kneaded between iJie fingers, be- 

fcciues wami, and will gcncially set in a few miuutes, eitli>er in tho 

'cipenairor in water. Hydraulic cemGiiL is far more apariiijjly 

fioluljlc in puffi water iliaii the hydraulic lirac ; and the aclioii of 

pure waier upon diem ceases, apparently, after a few weeks iiit- 

mersion in it. 

54. Calcination of Limestone. The effect of heat on limc- 
Btonee VBiies with the constituent elements of the stone. The 
pure lime-sto(ics wUl stand a high degree of lemperature wktJi- 
oui fusing, losing only their carbonic acid and water. The im- 
pure Blones conlJiininif sihea fuse completely under a great heal, 

^ aiid became more or leas vitrified when ihe icinperature much ei- 
Brda H red heal. The action of heat on the impure lirae-slcmes, 

' besides driving off tlicir carbonic acid and water, modifies the re- 
lations of their other chemical constituents. The argillaceous 
stones, for example, yield an insoluble precipJUtc when aoted on 
bv an acid before calcination, but are perfectly soluble afterwarda, 

tiudtsB the silex they contain happens to be in the for«i of gruins. 

55, The calcination of llic hydraultc lime-atones, from tlieij 
baihle nature, requires to be conducted with great care ; for, if 

Dt pushed far enough, the under-burnt portions will not slake ; 

Jid, if carried too far, tlie stone becomes dead or slugeisb ; slakes 
ficpry slowly mid imperfectly at first ; and, if used in this slate for 
I masonry, may do injury by the swelhng which accompanies Uic 

fter-slatdng. 

56, The more or Icsa Isctlity witli wliich tlie impure linie-stoncs 
[can he burned, depends upon several causes ; as the compaclnesB 
tvf tlie stone ; iJie size gl the fi'aginenta submitted to heal; and 

ne presence of a current of air, or of aqueous vapor. The more 
ampact stones yield ihcir carboivic acid less readily ihna tliose 
ail opposite texture. Stones which, when broken into very 
imall tumps, can be calcined under tlie red heat of an ordinarv 
ire in a few hours, will require a far crcater degree of lempcra- 
re, and for a nmch longer period, wTicu broken into fragniciiu 
six or eight inches in diameier. This is particularly ttie case 
with the impure lime-stones, wliich, when in large lumps, vilril'y 
at Uie surface before the interior is thorouglily burnt. 

57. If a ciurent of vapor is passed over ilie stoue aflei it lias 
aininenced to give off its carbonic acid, the remaining porUou of 
le gas which, under ordinary circunialanccs, is expelled with 
real difliculiy, particidarly near the end of tlic process of culci- 
Btiyn, will be carried off much soniier. This iiithiencc of an 
:]ucuu8 current is attributed, by M. Gay- Lussac, purely to a 
lechanical action, by removing tlie gas as it h evolved, and his 

upcrimenid go to show lliat a like effect is produced by an at 
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roocpheric cuirent. In burning tlie impure lime-stones, bowerer, 
an aqueous current produces the farther beneficial effect of pre 
renting the vitriiication of the stone, wlien the temperature bu 
become too elevated ; but as the vapor, on coming in cmtact 
with the heated stone, carries olf a large portion of the heat, this, 
together with the latent heat contained in it, may render its use, 
in -tome cases, far from economical. 

'»'•. \\'oo(l, charcoal, peat, the bituminous and anthracite coals 
are used for fuel in lime-buming. M. Vicat states, that wood it 
the best fuel for burning hydraulic lime-stones ; that charcoal ii 
inferior to bituminous coal ; and that the results from this last are 
verj- uncertain. When wood is used, it should be dry and split 
up, to bum quickly and give a clear blaze, 'i'he common opimon 
among limc-bumers, that the greener the fuel the better, and that 
tlie lime-stone should be watered before it is placed in the kiln, is 
wrong ; as a large portion of the heat is consumed in conTening 
the water in both cases into vapor. Coal is a more economic^ 
fuel than wood, and is therefore generally preferred to it ; but it 
rctjuires particular care in ascertaining the proper quantity for Joe. 

59. Lime-kilns. Great diversity is met with in the K)rms and 
projiortions of linic-kilns. Wherever attention has been paid to 
economy in fuel, the cylindrical, ovoidal, or the inverted conicai 
form lias been adopted. The two first being preferred for wood, 
and the last for coal. 

60. The whole of the burnt lime is eitlicr drawn from the kiln 
at once, or else the burning is so regulated, that fresh stone and 
fuel are added as the calcined portions are withdrawn. The 1^- 
tcr method is usually followed when the fuel used is coal. The 
stone and coal, broken into proper sizes, (Fig. 1,) and in propcff- 



Fiff. 1 npnaenla a Tcitical action IhToush the axi* and centre linM 

of the enltancn communicalJQB wiui llie inteiuv of a kiln flv 

bumiiifc Jime with coal. 
A, aoiiil muniiry of the kiln, which is built up on the exterior like a 

«]uaic tower, witli two ardtoi eotrances at B, B m oppoiiln 

ndea. 

C, inteiior of ttie kiln, lined with fire-brick at itone. 

D, a*li-|>i<. 

c, c, openingB between B, B and the inleiiqr throoeh vtuch the boinC 
lime if drawn. 



lions determined by experiment, are placed in the kiln in alternate 
layers ; the coal is ignited at the bottom of the kiln, and fresh 
strata are added at the top, as the burnt mass settles down and is 
partially withdrawn at the bottom. Kilns used in this way are 
railed perpetual kilns ; they are more economical in the con- 
sumption of fuel than those in which the burning is intermitted, 
ani which are, tin this account, termed intermittent kilns. Wood 
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may also be used as fuel in perpetual kiliis^ but not with siicli 
ecaiiomv as coal ; il moreoi'cr presents many mconvenienccs, in 
supplying the kiln with fresh swne, and in regulaliiii; ila dis- 
cliarge. The inverted cojiical-shapcd kUn is generally aJopleJ 
for coal, and llie uvoirial-shaped for wood. 

01 . iSome care is requisite in filling the kiln wiUi stone when a 
wood fire ia used. A dome (Fig. 2) ia formed of the largest blocks 



1) 



c 



3 



Fif, a i»7rH«nt* B vfrtical aMtion Hirou*!h lli» 
iLxia ami crulni line of Uio cutinjict' ut a iiiiiv- 
kiln far w<M<i- 

A, eollil mBBonjy orilio UUd. 

B, luvlied euUsncp, 

C, dwrwar for lira wins kiln BJi'd mppl)'^ riiS'l. 
DJiLlonnr nftihi. 

1^ dainG ol' litoliFn etoiis, sliown bjr Itio (lolleJ 
liue. 



of the broken 3tone, which flitlicr lesla on the bottom of Uic kiln or 
on the ash-grate. The lower diameter of the dome is a few feet 
less than thai of the kiln ; and its interior is made sufScicirtly capa- 
cious to receive the fuel which, cut mio short Itnglhs, is placed 
up cndwjae around the dome. The atone is placed over are) 
around l!ie courses wliich form the dome, the largest blocks in 
the centre of the kiln. Tliu' management of the lire is a niallor 
of eipentncnt. For tlie first eight or ten hours it should be care- 
fully regulated, in order to bring t!ic stone gradually lo a red heat. 
By applying a high hcat at first, or by any sudden incrcise of it 
until ItiG mass has reached a nearly uniform temperature, die 
stone is apt lo shiver^ and choke the kiln, by stopping the voids 
between ihe couraca of slonc which form the dome. After the 
stone is brought loa red heat, llie supply of fu*! should be uni- 
form imtit the end of the calcination. The practice aonietiraes 
Jopted, of abating the fire towards the end, is bad, as tlic last 
Bttions of carbonic acid retained hy the stone, require a high de- 
gree of hcat for their espulsion. The indications of CDniplcte 
calcination are generally manifested by the diminution which 
gradually takes plac^i in tlic mass, and wliich, at this stage, is 
about one sixth of the priinilive volume ; by the broken appear- 
ance of the stone whtch forms the dome, the interstices between 
wltich being also choked up by fragmciils of the burnt stone ; and 
by the ease with which an iron bar may be forced down lliroiigli 
tno burnt atone in the kihi. When these indications of complete 
calcination are observed, ihe kiln should be closed for ten or 
twelve iiouis, to confiiie tlic hcat and fini&h the burning of the up- 
per strata. 

6S. The fonn and relative limensions of a kiln for wood caji 
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oe determined only by careful experiment. If too great heidil 

be given to the mass, the lower portions may be overbumed be- 
fore the upper are burned enough. The proportions between ihe 
height and mean horizontal section, will depend on the texture of 
the stone ; the size of the fragments into which it is broken fof 
burning ; and the more or less facility with which, it vitrifies. In 
the memoir of M. Petot, already cited, it is stated as the result! 
of experiments made at Brest, that targc-sized kilns are morr 
economical, botli in the consumption of fuel and in the cost of 
attendance, than small ones ; but tliat tlicre is no notable econo* 
my in fuel when the mean horizontal section of the kiln exceeds 
sixty square feet. 

63. The circular seems the most suitable form for the horizon- 
tal sections of a kila, both for strength and for economizing the 
heat. Were the section the same throughout, or llie form of the 
interior of the kiln cylindrical, the strata of stone, above a certain 
point, would be very imperfectly bunied when the lower were 
enough so, owing to- the rapidity witli which the inflamed gases, 
arising Irom the combustion, arc cooled by coming into contact 
with ttie stone. To procure, therefore, a temperature throughout 
the heated mass which shall be nearly uniform, the horizontal sec- 
tions of the kiln should gradually decrease from the point where 
the dame rises, which is near the top of the dome of broken stone, 
to the top of the kitn. This contraction of the horizontal sectjui, 
from the bottom upward, should not be made too rapidly, as the 
draft would be injured, and the capacity of the kiln too much 
diminished ; and in no case should the area of the top opening be 
less than about one foiuth the area of the section taicen near the 
top of the dome. The best manner of arrauging tlie sides of tha 
kiln, in the plane of the longitudinal section, is to connect the top 
opening with the horizontal section through the top of tlie dome, 
by an arc of a circle whose tangent at the lower point shall be 
vertical. 

64. LimC'kilns are constructed either of brick, or of some of 
the more refractory stones. The walls of the kiln should be suf- 
llciently thick to confine the hea,t, and, when the locality admits 
of it, tncy are built into a side hill ; otherwise, it may be neces- 
sary to use iron hoops, and vertical bars of iron, to strengthen the 
brick-work. The interior of the kiln should be faced either with 
good fire-brick or with fire-stone. 

G5. M. Petot prefers kilns arranged witit fire-grates, and an 
ash-pit under the dome of broken stone, for the reason tliat tliey 
^ive the means of better regulating tlie heat, and of throwing the 
name more in the axis of the kiln than can be done in kilns with- 
out them. The action of the flame is thus more tmiforraly fdl 
through the mass of stone above the top of the dome, while that 
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ttf the radiated heat upon the stoae around the <[ain&, is also iiion: 
unifoira. 

C6, M. Pctot slates, that the height of ihc mass of sloiic abovfl 

llie top of llie dome should not be grealer lliaii from lon W t]iir« 

teen feet, (JfpejiiliJig on the more or less compact texture of Ihe 

Btoncj and tiio more or leas caae with which it vitrifies. He pro- 

■ poses to use kilns with two stories, (Fig. 3,) for the purpose 
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fig. 3 ngiRmita a VMtical paction 
IlirouKli tlMajdiBiiiJ cPEiIra lino of 
III ? •; utruwq of a liiii«-kiiu with twa 
BlQrips for wad. 

A , KiliiK nisBonry i>r Ihe kiln. 

B, iltHMi' tifitivvn tiy tlie iloHwl line. 

C, !iili=riiir a( lovirr slory. 
IJ, iliini" «!' LijjjuTiilory. 
E, iuleriur ol iip|ii'f iitDty. 

a. ari*!ii-(l cninifimi id kiln. 

b, rrct'riiucli.' far naiet ia fiinii*]i a 
curd-Ill oriiFjiirom vtii^it. 

t, tl'xifWtiy (of dmw'uid kiln, Sic, 

tlira-il liyn lijTv-pnwf floor, 
rl, i»slj-]pi( ImJi'f Hri>-i»(ii(p. 

0, upiKTdaurwiij lot dtnvriiig klia, ico 



of Monomixin^ iliu fui;i, iiy iisinj:; tiie hoat which passes off from 
the top of the Iciwcr slory, and nouid oliierwisc be losl, lo heat 
Uie 8lon& in the upper story ;. this story boini; arranijed WJtli a 
side-door, to introduce fuel tinder its dome of broken stone, and 
eompteti! the calcination when that of the stone in tlic lower 
[story is finished, 

M. Pelot gives the following general directions for regiilaling 
itlie relative diniensiona of ihe parts of the kiln. The grealeai 
[horizontal section of the kiln isjilacrd rntlier below llic lop of tlie 
[dome of broken stone ; tlie diampter of this aeclion being 1 .82, the 
'diameter of the grate. The height of the dome abovi; the grate 
is from 3 lo feel, according to the quaiilily of fuel lo he con- 
sumed hourly- The botlom of the kiln, on which the piers of tile 
dome rest, is from 4 to 6 inches above the top of die grate ; the 
dianicter of thu kiln at this point being about 9 feet 9 irictics 
greater than that of the grate. The diameter of Uie iiorizontal 
section at lop is 0.63, the diameter of the grenlesl horizontal sec- 
tion. The horizo-nlal sections of the i\iln diminish from tiiu section 
near the lop of tlie dome to the lop and bottom of tlie kiln; llio 
sides of the kiln receiving the form shown in Fig. 3 : the object 
of contracting the ki!n towards the boitoni being lo allow Uicr slono 
near the bottom of the kiln lo be thoroughly burned by the radiated 
heal The grate is formed of cast-iron bars of the usual form 
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the area of the spaces between the bars being one fourth the total 
area of the grate. The bottom of the ash-pit, which may be on 
the sanic icvcl as t}ic exterior ground, is placed 18 inches below 
the gralc ; and at tlie entrance to the ash-pit is placed a reserroir 
for water, about IH inches in dcptli, to furnish an aqueous cur< 
rent. The draft tlirough the grate is regulated by a Utteral air- 
cliannel to the ash-pit, which can be lotaliy or partially shut by a 
valve ; the area of the cross section of this channel is one tentll 
the total area of the grate. A square opening 16 inches wide, 
the botloni of which is on a level with tlie bottom of the kiln, 
leads lo iho dome for the supply of tlie fuel. This opening ii 
closed with a fire-proof and air-tiglit door. 

In arranging a kiln %vith tivo stories, M. Petot states, that the 
Prates of tlie u})pcr story are so soon destroyed by the heat, that 
It is belter to suppress them, and to jilace the fuel for completing 
the calcination of the stone of this story, on the top of the burnt 
stone of the lower storj-, 

67. Slaking Lime. Quick-lirnc may be slaked in three dif- 
ferent Ways. By pouring sullicicnt water on the burnt stone to 
convert the flaked lime into a thin paste, which is termed drown- 
ing the liui<?. liy placing the burnt stone in a basket, and im- 
mersing it for a few seconds in water, during which time it will 
imbibe enough water to cause it to fall, by staking, into a dry 
powder ; or by sprinkling the burnt stone with a sufficient quan- 
tity of water lo produce the same effect. By allowing the stone 
to slake spontaneously, from the moisture it imbibes from the 
atmosphere, which is Icrnicd air-slaking. 

66. Opinion seems lo be settled among engineers, that drown- 
ing is the worst method of slaking liTue which is to be used for 
morturs. When properly done, however, it produces a finer paste 
than either of the other methods ; and it may tlierefore be resorted 
to whenever a paste of ihis character, or a whitewash is wanted. 
Some care, however, is requisite to produce this result. The 
stone should be fresh from the kiln, otherwise it is apt to slake 
into lumps or fine grit, AH the water used should be poured 
over the stone at once, which should he arranged in a basin or 
vessel, so that llic water surrounding it may be gradually imbibed 
as the slaking proceeds. If fresh water be added during the slak- 
ing, it checks the process, and causes a gritty paste to form. 

69. In slaking oy immersion, or by sprinkling with water, the 
Stone should be reduced to small-sized fragments, otherwise the 
slaking will not proceed uniformly. The fat limes should be in 
lumps, about the size of a walnut, for immersion ; and, when 
withdrawn from tlic water, should be placed immediately in bins 
or be covered with sand, to confine the heat and vapor. If left 
exposed to the air, lite Ume becomes cliilled and separates into s 
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se gilt, which talcea somf; time lo »lnkc thorouglily when 
more water is added. Sprinkling the lime is a more convenienl 
process than iiuntcrsion, aad la equally good. To effect the alak 
mg ill tills way» ihc stoiic should be broken into fragments of a 
ftuitable size, wliich eKperimenl will determine, and be placed in 
small licaps, surrounded by sufficient sand to cover Qiem up when 
Uie slakjig is nearly completed. The stone is then sprinkled 
wilh about one fourth its bulk of water, poured through Uie rose 
of a walering-pol, diose lumps which seem to slake most slug- 
gishly receiving liie most water; when the proceaa seems com- 
plete*!, the heap is carefully covered over wilh tlic eand, and 
allowed lo remain a day or two before it is used. 

70. Slaking cither by mimerfiion or by sprinkling is considered 
the beat, The quaiilily of water imbibed by lime when slaked 
by immersion, varies with lli<^ nature of tlie lime; 100 parts of 
fat lime will take up only 18 purta of water ; and the same quaji- 
lity of meager iinio will imbibe from 20 to 35 parts. One volume, 
ia powder, of the burnt etone of rich hme yields from 1.50 lu 
1.70 in volume of powder of ^aked lime; while one volume 
of meager lime, under like circunisiances, will yield iiom 1.60 lo 
2.18 ill Toluinc of slaked lime. 

71. Quick lime, when exposed lo the free action of the air in 
a dry locahty, slakes slowly, by imbibing moisture from the al- 
inosphere, witli a alight disengagement of heal. Opiniou s-eems 
to be divided with regard to the cft'eet of litis method of slaking 
on fat limes. Some assert, that Uic mortar made from them is 
beller than that oblainetl from any alhor process;, and attribute 
this result tn the rc-convcrsion of a portion of Uic slaked hme into 
a carbonate ; oliiers stale the reverse to obtain, and assign ihe 
aajne cau^^c for it. Wilh te^^ard lo hydraulic hmes, all agree thai 
they are greatly injured by air-slaking. 

72. Air-slaked lal limes increase two fifths in weight, and for 
one volume of quick lime yield 3.52 volumes of elakcd lime. The 
meager limes increase one eightli in weight, and for one volume 
of quick lime yield from 1 .7o to 2.25 voTuraea of slaked hme 

73. The dry hydralcs of Hme, when exposed to the atmosphere, 
gradually absorb carbonic acid itnd water. This process pro- 
cecda very slowly, ajid the elakcd lime never regains all the car- 
bonic acid wiiicli is driven off by the calcination of liie lime-sione. 
When converted into a thick paste, and expoBcd to the air, the 
hydralcs gradually absorb carbonic acid ; this action first i;ikci 
place on the surface, and wocccds more slowly from year to 
year towards the interior of^ihe csposed mass. The absorption 
of gas proceeds more rapidly in tlie meager than in the fat umcs. 
Those hydrates which are most thoroughly slaked become h&rd- 
est. The hydrates of the pure fat limes become in lime veij 
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i.,il^ i.iJ.ii.. Ill- II (nil .1..M ,.1 \t.iii-r.iht< |>aste becoming thicks. 

I...I I I iiiii II iMii. .1 1.1 t.'iiiiiic. Kxpoacd in this way, dK 

t-. -...11 1 It. .<i:i a'.I iI'.i- limf of the hydrale irbid 

t. . ...It I. .1. .1 ii.i.> .) >iiN-t'.irl)oiiatc, by too absoiptioD 

■ :..•,' ti..i >iLii,iM.>ii, anil if Uic water c<Hitain OF 

I,- .1.1. ..• 1-1 ii Kill .tivi .li--..|t.' til.' iMi'l>o»aird portions. 

.<! III. i.|.i..ii. » .a li\,ii iil!„ ii:iK'. when immeraed in wais 
III iL. .'i .1. ..I ihiii |it .i, '.. I. , , I .1 p.'i'iioii of the water from the 

l>..^i I I •>■ li.ti.l Ml ii.ii.' , It ih<' paste be Tcry stiff, tfaej 

iiiiiNii. 1 It'll- 1. f. I .jiii. I.'.\ , .iiiii ai'ipiirv greater nardiiess in 

Inn. 1I1.111 ill. ft.'li |i.r<i. ^ I'll. {<:i'-;,>. •Mho hydrates of bydiao- 
III liiiii , M liii II lull. Ii.ti.l. II. .1 111 i!i.- ;iu', mil retain their haidneH 
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', '.. 'I'll.' |i.i:<i.'n .>i ill. l.ii lull. ^ >!i: ink \ fry iiiioqually in drying, 
,iii>l I hi- r>l lllllll .11: i> nil 1 1 mi -< Willi i!i(- I'lii'iiY of the lime ; on ibis 
II. t ixiiii u in ililt'i. nil i.i<i|.|ih ili.'iii .(l.Mii- ;,t any building purposes, 
r\ir).t in u-i\ iliiii l.i\<i» I'll.' )M-;<-> I'l iho hydraulic limes 
1 ,Mi 'iiil\ III' iiM'il tMiti ii.lt iiiii.i'.;.' u:i.i>'. wator, or where they 110 
>-.in^i.inll> r\iii».'tl t.i liiinii.lii\ , aii.i ID I'lcHi^ iiiiuations tbey are 
iii'viT iiM->l iif.ini'. an ilii-\ ai>' l.iiii.i i.< sitOtVtHl as well, aiid to 
I'l'fNinl iiinri- i'<'iiiioiii\, ttlii-11 iin\>'.i >\i!!i .) {vrtion of sand 

■;.x MiUiiittf;/ It'-.!:,,:::; Z/^..' ,.;.;.■.'( V-iC'i.'. As the Cement 
Htiin<-:t will n.it >l,iWi-, ili('\ nni"! 1'.' )t\:ui-(\i u^ a tine powder by 
Btniii' iiK'cli:uik'.il |>i.'fi-!.>, l'.i.iu' tli.'\ I'ji'.i Iv oiMiverted into a 
tiYilnitr. Tlio nii-iluiilM iimi.)11\ . :ii]<;o\i-iI tor this purpose con- 
Bihl in firal Itroakui:; tin- Iminl >l.i;ii' nii.» ^-.I'.-i" I'nijinienis, either 
uiidiT iron oylinilois. nr in luiils Mir.alvv Ii'!-,iu>i lor this piir^ 
pime, whit'li mv nc\t ^r.>im<l I^'iwi-.M a \\\k of sio:-os, or else 
cruslied liy an iron rk>!K-i'. Tho iwcmt }>aTtii'U'$ are sofiaratad 
from lliu tiiio jMiwdtT bv tlio t<mm.iiy pi'tX'i'ssos wiiii sioves. Tha 
powdiT is titcn cdrctully packi-ii 1:1 air-nchi ra^KS. iiwi kept lor Ute. 

79. llyilraiilic cement, hke liyLlrauiU' iiuic. lioionorates 1^ 
exposure to the air, and uiay in time ios<,> all 1:$ hytirjtilic pro|>< 
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. Oit this account it shottld be used w>ien frcflti from Un 
kiln; for, however carefully packed, h camiol bu wtll |tn;scrvod 
wben traftsporled lo any distance. 

80. The deterioralion of hydraalic cements, from expoeare Co 
the air, arises, probably, from n chemieal disunion between tlie 
constilutMit dements of the burnt alone, occasioned by the ab> 
sorption of water and carbonic arid. When injured, iheir energy 
Can be fCStor&d by subimltuig thenn to a much alighter degree of 
heal than that which is requisite lo calcine ihe stone suitably in 
the first instance. From ihc eiperimenla of M. Petot, it appears 
that a red heat, kepi up for a short period, is sutEcient to restore 
damaged hydraulic cemenls. 

61. Arti^cial Hydraulic Limes and Cements, The discovery 
of the arcillaceous character of the stones which yield hydraulic 
limes ana cements, connected iviiii tfic fact that brick reduced lo 
a fine powder, as well as several substances of volcanic origin 
having nearly the same constituent elements as ordinary brick 
when mixed in suitable proportions with common lime, will yield 
a paste that hardens under water, has led, within a recent period, 
to (Ulificial methods of producing compounds possessing the prop- 
erties of natural hydraulic lime-stones. 

82. St. Vicat was the first to point out the method of forming 
sn artilicial hydraulic lime, by mixing common Hmc and unbuni 
cUy, in suitable proportions, and tlicn calcining them. The ex- 
penmenta of M. Vjcat have been repeated \iy several eminenl 
engineers with complete success, and among olhera by General 
Pasley, who, in a recent work by him, Observations en Limes, 
Calcareoti3Cements,&.c., has giveHfWilh minute detail, the results 
of his experiments ; from which it appears that an hydraulic cfr 
menti fully equal In quality to that obtained fjocn natural stones 
can be made by mixing common lime, either in tl»e stale of a 
carbonate or of a hydrate, with clay, and subjecting tlie mixiure 
to a suitable degree of heat, la some part* of Irancc, where 
chalk is found abundantly, the preparation of arlLlicial hydratilic 
lime has become a branch of mantifacture. 

83. Diffcreiit methods have been pursued in preparing tliia 
finateria}, the main object being to secure the linest mechanical 

division of the two ingredients, and their thorough miiture. For 
this purpose the lime-stone, if soft hke chalk or tufa, may be re- 
duccMl in a wash-mill, or a rolling-mill, to the stale of a soft pulp; 
it is then incorporated with the clay, by passing them tlirough a 
pug-mill. The mixture is next moulded, inlo small blocks, or 
made up into bolls between S and 3 inches diameter, by hand, 
and w ell liried. The balla aje placed in a kiln, — suitably calcined, 
and arc hnally slaked, or ground donii £ne for use. 
S4. If th« lime-slone be hard, it must be calcined and slaked 
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in the usual manner, before it can be mixed witn the clay. 71w 
procew for mixing the ingredients, their calcination, and farthor 
preparation for use, arc the same as in the preceding case. 

85. Artificial hydrauhc lime, prepared from the hard lime* 
stones, is more expensive than that made from the soft ; but it ii 
stated to be supenor in quahty to the latter. 

86. As clavs are seldom free from carbonate of lime, and u 
the lime-stones which yield common or fat lime may contain some 
portion of clay, the proper proportions of the two ingredients, to 

troduce either an hydraulic lime or a cement, must be determined 
y experiment in each case, guided by a previous analysis of the 
two ingredients to be tried. 

If the lime be pure, and the clay be free from lime, then the 
combinations in the proportions given in the table of M. Petot will 
"ive, by calcination, like results with the same proportions when 
found naturally combined. 

87. Puzzotana, &Lc. The practice of using brick or tile-dust, 
«»r a volcanic substance known by the name of puzzolana, mixed 
with common hme, to form an hydraulic lime, was known to the 
Romans, by whom mortars composed of these materials we« 
extensively used in their hydraulic constructions. This practice 
lias been more or less followed by modem engineers, who, until 
witliin a few years, either used the puzzolana of Italy, where it 
is obuined near Mount Vesuvius, in a pulverulent state, or a ma- 
terial termed Trass, manufactured in Holland, by grinding to a fine 
powder a volcanic stone obtained near Andemach on the Rhine. 

Experiments by several eminent chemists have extended the 
list of natural substances which, when properly burnt and reduced 
to powder, have the same properties as puzzolana. They mostly 
belong to the fcldspathic and schistose rocks, and are either fine 
sand, or clays more or less indurated. 

ThefoUowing Table gives the results of analyses of Puzzolana^ 
Trass, a Basalt, and a Schutus, which, when burnt ajidpovh- 
dered, were found to possess the properties of puzzolana. 
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83. All of iheac sulisLincea, wlieii prepared arli£cia.l]y, are no\* 
generally known by l!ie ji;tnio uf arltjiciol puzzolanas, in conlni" 
aistincijon to those wlucli occur raturally- 

89. General 'rrcussarl, of the French Corps of Military Engi- 
neers, first attempted a systematic invealigation of the propertipa 
uf artificial pazzoIaTias niailc from ordinary clay, and of ihc best 
manner of prcpiring ihem on a large scnlc. It appears from the 
result* of liia experiments, thai l!ie plastic clays used for tiles, or 

Eottery, which are unctuous to the touch, ifie alumina in Lhem 
r?ing in the proportion of one liflh to ooo third of the slltca, fur- 
nish the best artificial puzzolanas when suitably burned. The 
clays which are more meager, and harsher to tlie touch, yield an 
infcriof artick, but are in some cases preferable, from llie greater 
irase with which llicy can be reduced to a powder. 

90. As tlie clays mostly contain Lme, magnesia, some of the 
metallic oiidcs. and alkaline sails. General Trcussart endeavored 
to aacerlain the influence of tliesc substances upon the quahties of 
Uie artificial puzzolanas from claya in which tliey arc found. He 
Bintes, that the carbonate of poiash and tiie muriate of soda seem 
to set beneficially; that mitgtiesja seems lo be passive, as well 
as the oxide of iron, except when llie latter is found in a large 
proportion, when it acts hiirtfuliy ; and ihat the hrae has a mate- 
rial influence on the degree of heat required to convert the clay 
into a good artificiaJ puzzotana. 

91. The management of the heal, in the preparation of tliia 
material, seems of the first consequence ; and General Trcussart 
recommends thai direct experiment be resorted to, as the most 
certain means of ascertaining llie proper point. For tliia puqiose. 
apccimena of itie clay lo be tried may be kneaded into balls as 
large, as an egg, and iJic halls, when dry. be submitted lo different 
degrees of heat in a kilxf, or furnace, inrougli which a current of 
air must pass over the balls, as lliis last circtimstance is essentia] 
to secure a material possessing the best hydraulic qualities. Some 
of the balls are ivilJidrawn as soon as their color indicates tliat 
they are undecburnt ; others when ihey have the appearance ol 
well-bumt brick ; and others wlien their color shows thai they 
arc ovcrburnt, but before tlicy become vitrified. The burnt balls 
are reduced lo an impalpable powder, and litis is mixed with a 
liydratc of fat lime, in tlic proportion of two parts of the powder 
1*1 jne of Umc in paste. Water is added, if necessary, to bring 
llw different mixtures to the consistence of a thick pulp; and they 
arc separately placed in glaas vcsbcIbj covered willi water, and 
allowed lo remain until ihcy harden. The compound wliich 
hardens mo$t promptly will indicate the most suitable degree of 
heal lo be applied. 

9S. As llie arbonates of lime, of potash, and of soda, act ai 
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flnas OB nlici, ibe presence ol f ilhcr one of iliem will modifir 
A* dtpM of lieat MccssaTT to convert the clay inta a good ii&n- 
fri ntflBDlana- Clay, containing nbout one tenth of lime, should 
It WKigJk loftboul me slate of shghlly-bumt brick. The cx^hreoQi 
d^ le^MB < higher degree of iieat lo conven tiicm into a good 
mmtttlitir Hid dwuld be bumi until lliey assame the appearanos 
•f WtU-bonitbnck. Tlic mort: refractory clays will bear a ^ 
Hf^et degree of heat ; but the calcination should in no case hm ^^ 
cwried'to the point of incipient vitrification. ^M 

93. 'nKooantinr of lime contained in Uie clay can be readily^* 
MDertatned betarchaad, by treating a small portion of the clay, 
Stfattd ■■ water, with enough muriatic acid la dissolve out toe 
lia»; and iIub last might serve aa a guide in the preliminaiy 
■llfn of Ibe experimetits. 

H. General TrcuMart states, as the results of His esperiments, ^i 
dal the mitturc of arliiicial puzzolana and fat lime fiirm; an hy ^H 
daa&c natc aupcrior in quality to that obtained by; M. Vicat'i^^ 
pnocM lor making artificial hydraulic lime. M. Curlois, a Freodi 
cirfl ciigine«r, in a memoir on tJicse artificial compounds, pub- 
fiabed in the Annaies de$ fonts el Chaussees, 1834, and General 
Pade^, more recently, adopt the conclusion of General Trciissarl. 
H. VicBl't proocas appears best adapted when chalk, or any very 
waft linMc-Mone, whtcn can be rc^adily converted to a soft pulp, u^H 
lued, aa oflerine more economy, ana affording on hydraulic limo^B 
winch ix aDiliaently strong for most building purposes. By it 
OoMtal Policy ha« succeeded in obtaining an arlificiiil liydrauUc 
cement, which is hut tittle, if at all, inferior to tlie best natural 
nheliu; a rcxult wliich has not been obtained from any coiu- 
Vhalwn of &t lime with puzzotana, whetlicr natural, or artificial. 

OB. All the puzKolanas possess the imporlant property of not 
detenoralitig by exposure lo the air, which is not the case with 
any of the hydraulic limes, or cements. This property may ren- 
der tliera vctv serviceable ni many localities, where only common, 
or feebly hydraulic lime can he obtained. 
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06. Mortar is any mixture of lime in paste with sand. It may 
be divided inlo two principal classes ; Hydraulic mortar, wliich is 
made of hydraulic Ume, and Common mortar, made of conunoq 
lime. ] 

97. The term Grout is applied to any mortar in a thin or fluid 
ttate ; and the terms Concrete and Beton, to monarg incorporated 
witli gravel and small fragments of stone or brick. 

98. Mortar is used for various purposes in building. It serveu , 
aa a cement to unite blocks of stone, or brick. In concrete ai 
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beton. which may be regarded aa artificial conglomerafe stoneit. 
It forms the matrix by which the gravel ami broken stone ara 
held logetlier ; and It ia the principal inatcnal witli which the ex- 
terior surfaces of walls and tlie inlerior of edifices are coated. 

9y. The quality of mortars, whether used for structures ex- 
posed to the weather, or for those iinmerscd in water, will depend 
upon ihe nature of the materials used ; — their proportion ; — tho 
manner in which the lime has hecn converted into a paste to re- 

. ccive the Band ; — and ihc mode employed lo inii the ingrechcnls. 
Upon all of these point* experimenl ia the only unerring guide for 
the engineer ; for the great diversity in the constituent clemenla 
of limp-stones, as well as in the other ingredients of mortars, rausl 
pecessarily alone give rise to divcraiUcs in. results ; and when, to 
these causes of variation, are superadded those resutliug from 
different processes pursued in ihe manipuklions of slaking the 
lime and mixing the ingredients, no surprise should be felt at the 
Bcemingly opposite conclusions at which writers, who havu pur 
Bued the subject experimentally, have arrived. From the great 
mass of facts, however, presented on this subject within a few 

1 years, fiome general rules may be laid down, which Uie engineer 
may safely follow, in the absence of the means of making direct 
experiments, 

100. Sand. This material, which fonns one of the ingredients 
[ of mortar, is the granular product arising from the disintegtalion 

of rocks. It may. therefore, like tlic rocks from which it is de- 
rived, be divided into three principal! varieties — the siliclous, the 
calcaTfous, and the argillaceous. 

Sand is also named from the locality where it is obtained, as 
pit-sand, which ia procured from cicavalionB in alluvial, or other 
depositcs of diaintcgralcd rock; rivcT-sand and sea-sand, which 
are taken from the shores of the sea, or rivers. 

Builders again classify sand according to the size of Ihe grain. 
The icrm coarse sand is applied when ilie grain varies between 
|th and y'pth of an inch in diameter ; llie term Jine sand, when 
the grain ia between t'jth and yVJ' "^f "" '^ich in diameter; and 
the term mixed sand is used for any mixture of the two prece- 
ding kinds. 

101. The silicious sands, arising from the quartzoae rocks, aia 
the most abundant, and arc \isually preferred by builders. Th# 
calcareous sands, from hard calcareous rocks, are more rare, bat 
form a good ingredient for mortal. Some of (he argillaceous sandl 
pOdBCSs the properties of the less energetic puzzolanasi and art 

[ therefore very valuable, as forming, «rim cominoii lirao, an arti- 
ficial hydraulic lime. 

102. The property which some argillaceous sands possess, of 
forming with common, or slightly hydrauh'c lime a compound which 
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T*. .-*^ v: .-if 1 .'..i-.*.- i,-*: ::.-..■* ^n^ular cnia dan ziiv 
• '. -1 '«■-: ^.-/',. -.r. '..-..• w-zx'^v- :; ^'•'r.'.^ToIIy pfetieiTeii br bnild- 

' ■-.' J-.' ".-."a: '.:^... '.:.■■: •:.:.'.: tw--, -.s z.'A poahirelr sealed, al- 
o.^.. »/,'.-..-. m;^.,'..;. <..•.•-- ■*',,!; ;.;:4: lo me cooclusiao thai it 
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.'.! \' ■■ : >.u, »/-^ It;.:. ;-•;.-■-;'■,;■ -f-'/mp: preferred for plasieriitt 
/y<,,(/ -.i',/ i.-* >vf..v .', -'j.y. iSiSi-. h i'lr.er and more uniicnn enu 
.-M.-. •■!.■.■•; , v.". a.* •,:.': li,', ;■! f.-'j.r. the fhorea of tidal vnten 

'•-.-■'-i ■ n ' '.'>:>■ <;.'*■,.',' ^'.• r,'; j;.-^':'!. owing to tbeir hrgnHnetzic 
.-.y,-' - '. /^Tf-,,". ■,..': i!i;'« ;;.•'; K :'.-.', '.w:A out in fJesK watcx b^ 
^." ',, H'.t;..:,y. 
,'.'. /',V/^.v; ,» i":f';'.;fi or<uiii':'i frcc from a mixture of diit, 

'.; ' < / , tu'. 'i.'-.v., wi.':/» i'lUi-A III any tiotablc quantity in it, gire 

4 A'.^x -.w. ^v: rr/'fUr. fvirtiiv Kaiids should, tfaeFefore, be 

■ .a:,'//', it'.u, <',:tl 'I'-A'tfi uAitii ih'.iti for mortar; this tnaj be 
'i'i 'i/'I :/{ 'Mu*\,\uu_ thf; f.;ififl in hlifillow vats, and allowing tbe 
'•.I'-.^'l -fiAU.:, lit wtii'.h til': ' luy. 'hi!ft, and other like impuzitiea 
*:: fti-,fi Hi Kii«if':rifli'ai, Ui niri (jfF. 

)'»*; .-,)if.'), hIi':(i Mir<: 'II well cleansed, may be known by not 
'y.iii(>(( Ui»: Uin/i-tn wh'jii rij|jlx;<i tj*-twf;cn them. 

I'^f, Ih/ilrtmUt. T/u/rUir. 'I'liiit inalcrial may be made from 
ir.«i r(»Nir;il liyiraiilic liiri';H; from those which are prepared by 
W, VV.atV (/f'xrMiH ; or from a mixture of common, or feebly hy- 
iUint\\i: Uiii':, with a iiatiirat or artifirua! puzzolana. All wiiteis, 
|i'.w<:¥'-f, nifii-i: that il in hirttrr to use a natural than an artificial 
liy'lr:tP(li': Uiin:, when the rornier can be Tcadily procured. 

10*1. When lli<r linif; UHcrl in strongly hydraulic, M. Vicat is 
lit 4•^,lul^ltl ifjut hiukI alon': Hhoiilrl be used with it, to form a good 
liy<lriiiiri«; inorlJir. (ii;nr:ral 'I'rousHarl has drawn the conclusion, 
ttinu liiN ';i[f<:riiii':ntH, that t)l<^ mortar of all hydraulic limes u 
iiiiprnvM hy an ivliiilioii of a natural or artificial puzzolana. The 
ijuaiility of Hand iik'^'I may Tiiry from 1 ^ to 2 parts of the lime, 
ill liiilk, when rcduniul to a tliicK pulp. 

lUU. J''or liydniiilic morUrf., made of common, feeble, or or 
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dinaiy hydraulic limes, and artificial pu22olana, M. Vicat tiatci 
lliiil llit; puzzolana sliould be [lie. weaker as the lime is more 
Blrongly hydraulic ; using, fnr cxatiiijle, a vei^ energetic puzsjo- 
tana with a fal> or a feebly hyiirduhc Jimu. The proportion of 
sand wliich can be incorporated witli these ingredients, to form an 
Jiydraulic iliorlar, is stated by Gpneral Treuasart to be one vol- 
umii to one of puzzolana, and one of lime in paste. 

110. In proportioning tlie ingredients, the object to which itie 
mortar is to be applied should be regarded. When it is to serve 
10 unite Rlonc, or brick work, it is belter that the hydraulic lime 
should b-e rather in excess ; when it is used as a malriiv for bclot), 
no more lime should be used thuii is atriclly required. No hanii 
will arise from an excess of good hydraulic hnie, in any case ; but 
an excess of coaimon hruc \s mjurious tu ihc quahty of the morlar. 

111. Common and ordinary hydraulic limes, wlion made intc 
mortar with arenes, give a good raalerial for hydraulic purposes. 
The proportions in which these have been found lo succeed well, 
are one of lime lo ihrec of ari^nes. 

112. Hydraulic cemonl. from the promptitude with which it 
hardens, both in llie tiir and under wiiter, is an invaluable mate- 
rial where this property js cssetilial. Any dose of satid injiires 
its nroperlica as a cemejil. Bui hydraulic cement may be added 
Willi decided advantage lo a mortar of common, or of feebly hy 
draulic hme and sand. It is in this way that it la generally used 
in OUT public works. Tlie French engineers give Uie preference 
to a good hydraulic mortar over hydraulic cement, both for uniting 
Mono, or brick work, and for plaslering. They tind, from their 
practice, tliat when used as a siucco, it does not withstand well 
ihe effects of weather ; lliat it swells and cracks in lime ; and, 
when laid on in successive coala, that ihey become detached frum 
each oilier. 

General Pasley, who has paid great attention to the propenies 
of natural and artificial hydrauhc ccjnenta, dcKS not agree with 
the French engineers in hia conclusions. He stales ihal, when 
skilfully applied, hydraulic cement is superior to any hjrdraulie 
mortat for masonry, but that it must be used only in thin joinls . 
and, when applied as a stucco, that it should be laid on in but ore 
coal ; or, if it be laid on in two, the second must be added 3ong 
before ihe first has set, so that, in fact, the two make but one 
Cttil. By attending to these precautions, Ueneral Pasley suites 
that a stucco of livdraiilic cement and sand wUl witlistiind per- 
fectly the effects of frost. 

113. Mortars erposed to weather. The French engineers, 
who have paid great alteiition to tlie subject of mortars, coinride 
in the opinion, ihat a mortar cannot be made of fat lime and unv 
in«rt Kinds^ like those of LIjc silicinus, or calcareous kinds wliicli 
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win wilhstand the ordinary exposure of weallier ; and that, to 
obtain a good iQoitar for this purpcfe, either the bydrauhc limee 
mixed with sand must be eDiploy^cd, or cbe common lime mixed 
either with ar^nes, or witli a puzzolana and sand. 

1 1 4. Any pure sand raised in proper proportions with hydranli« 
lime, wili give a good mortar for the open air; but the hardness 
of the iKortar w^ill be affected by the siae of the grain, parQcularly 
when hydraulic lime is used. Fine sand yields ihe best moitar 
with' good hydraulic lime ; mixed sand with the feebly hydratilic 
limes ; and coarse sand with fat hme. 

lis. The proportion which the hme should bear to the sand 
«em8 to depend, in some measure, on the manTicr in which the 
lime iH slaked. M. Vicat slates, that the strength of mortar made 
of a stiff paste of fat hme, slaked ir the ordinary way, increases 
from 0.50 to 2.40 to one of tlie paste in vohune ; and that, when 
IJie lime is slaked by immersion, one volume of the like paste will 
give a mortar that incTe&&es in strength from 0,50 to 3,^ puts 
of sand. 

For one volume of a paste of hydraulic lime, sl,akp.d in the or- 
dinary way, the alrciigtn of llie mortar increases iJom to 1.80 
parts of aand ; and, when slaked by immersion, the mortax of a 
tike paaic inereascs in &trcn^h from to 1,70 pnrt-t of lime. In 
c?ery case, when the dose of sand was increased l>eyond these 
proportions, the strengUi of Ihe resulting mortar was found to 
decrease. 

1 1 6. Manipulations of Mortar. The quality of hydraulic mor- 
tar, which is to be immersed in water, \% more affected by the 
manner in which the lime is slaked, and the ingredients mixed, 
than that of mortar which is to he ciposed to the weather; al- 
though in both cases the increase of strength, by the beat manipa- 
lations, is sufficient to make a study of tnem a matter of some 
consequence. 

117. The results obtained from the ordinary method of slak- 
ing, by spriiikling, or by immersion, in the case of good hydraulic 
limca, arc nearly the eamo. Spontaneous, or air-slaking, gives 
invariably the worst results. For common and slighdy hydraulic 
lime, M. Vicai states that air-slaktiig yields the best resulw, and 
ordinary slaking the worst. 

118. The ingredients of mort-ir are incorporated either by 
maJiUal labor, or by machinery : the latter metliod gives rcaulls 
superior lo the former. The machines commonly used for mix- 
ing moriar are either the ordinary pug-mill (Fig. 4) eiTiplOTcd by 
bnckmakers for tempering clay, or a grinding-raill, (Fig. 6.) 
The grinding-mill is the best machine, because it not only re- 
duces the lumps, which are found in the most carefully biunt 
stone, after the slaking is apparently complete, but it bringa th« 
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fime to ilie elalc of a uniform stiff pastR, wliicli it should leceivc 
before the sand is incorporated wilJi il. Care ehould be laken 
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Fis, IrvprFvata a vertical sc<tinnl)irouer> 
Elie lull or a. [iliR>mill , for niiiLiiie df 
LvniprnniE irwfinr. — '£1j)s miJl otpiHwId 
of a limiied vea«l. ot llir ronu ol u ca- 
iijcal frasdim, ivliick rpcrjvfs the.' in- 
KmlitriU-aiJiloTrrliciJ sIjuII, In wliich 
arms will. Icelli, ti.-stmMiiip an onti- 
iiary rultr, BrL-ii[iui:linl,iurl!iiTun««o 
uf iiiixiii^ iliR liifnvilii'iilB. 

A. t. wcltou airfiiJrsnrUic vciarl. 

il, trrtkAJI slioJt Id whielir Llie uatn C are 
arlixril. 

f), hntizonlalUnrrordfiTiniCBcircuJar mo- 
tion Ui til «' I'll a^ B. 

I'., Bill« ol iIjiiUt 8ii|i|»AltiH Ih? mill. 

V, wranul >i-iiu[i Hiii|iarl iliraiiKh whicli 
tlie ujiiwr putt of ttie Rliaft ijonea. 



DOt to add loo much water, particularly when the mortgr is to be 
immersed in water. Tlie morl,ir-mill, on this account, should be 
iheltercd from rain ; and the quanlity of water with whieJi it in 

Fie. 5 triinwfnia a fart of a mitl fnr ctiiHliiug tbo 
liiiir qilJ U-tiiriTinDi! Ihr- mnnnr. 

A, Kc.ivif wtii*L'l ii( liniln.-r, vrcost iron. 

H, lioriwiilal bur iiawmi! llpruuiili llie wiippl, wliicli 
Ql oMi* E:KlP?^iii(v lb rJApJ fu a 'I'f rticoJ b)iiAU, luuit 
19 nmiLi-'i'd 111 tde ulliur (L') witll Uie proiier giMU- 
inn fur H licnic. 

D, a ciiriiEur liauiclii. witli a IrniirapiJal crcn ans 
tion tt-Mfti rvce'ivt-M die inj^i^<iipiila Id be miard. 
'Hie tntu^li iiinvl)prroin'iiilo3iif«-i't iii cliain«l«t: 
nbuiil IH mchiv m<l« ul Ingi, beuI fi inct^emiliiispi 
■iiiilie liuillnlhnnllindc.aUiQQ, or Uijit;ier Inid on 
ii Ann fouiflBLion. 

supplied may varj' with tlie stale of the weather. Nothing seems 
lo DC gained by carrj-ing liie process of mixing, hfyond obtainina; 
a uniform mass of th* consistence of plastic clay. Mortara of 
hydraulic lime are injured by long- ciposure to l!ic air, and fre- 
quent turnings and mixings with a shovel or spade ; thosB of 
common hme, under like ciicuinatancea, seem lo be improved 
Morlar, which has been set aside for a day or two, will become 
sensibly finncif ; if not allowed lo aland loo long, it may be agaiii 
reiliiccd to its clayey consistence, by simply pounding it with a 
beetle, witlioul any fresh addition of water, 

119, Setti/ig- and Durahilidj of Mortars. Mortar of common 
lime, U'ithoitt any addition of puzzolana, will not set in humid 
•ituations, like th^e foundalaons of edifices, until after & very long 
lapse of lime. They set very soon when exposed lo the air, or 
jy an slmosphcrc of «n.rbumc tkcid gay. If, after bavinf; become 
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hard in tlie cpcii air. 'J:-;y ire placed caiier nter, ibe^n 
lose their cohesion ar.ii :'L. :o pietii;*. 

120. Common moriir*. wiuch .Tire had time to faaiden, 
the action ot'dOTere iz<Mii verr woL. if iheyare nude laiber jfiDOTf 
or with an excess of sar-o. The sand shouU be orer 2.40 parts, 
in bulk, to one Toliime cf u.e 1l::iv m pa^ze ; and coaise suid la 
found to give bener n-aulu ihir. tine sand. 

121. Oood hTOrauIic mortars set ecuallr well in damp situa- 
tions, and in the open air ; and ihcae which have haidened in the 
air will retain their hardness when immened in water. They 
also resist well the action of frost, it they hare bad time to set 
before exposure to it ; but, like common mortars, they require to 
be made with an excess of sand, to withstand well atmospheric 
changes. 

122. The surface of a mass of hydraulic mortar, whether made 
of a natural hydraulic time or otherwise, when immersed in water, 
becomes more or less degraded by the action of the water upon the 
liinc, particularly in a current. When the water is stagnant, a 
very thin crust of carbonate of lime forms on the surface of the 
mass, owing to the absorption by the lime of the carbonic acid 
gas in the water. Tliis cruat, if the water be not agitated, will 
preserve the soft mortar beneath it from the farther action t^ the 
water, until it has had time lo become hard, when the water will 
no longer act upon the lime in any perceptible degree. 

1 S3. Hydraulic mortars set with more or less promptness, ac- 
cording to the character of ihe hydraulic lime, or of the puzzolana 
which enters into their composition. Aititicial hydrauUc mortars, 
with an excess of lime, set more slowly than when the lime is in 
a just proiwrlion to the other ingredients. 

124. The quick-setting hydraulic hmes are said to furnish a 
niortar wliich, in time, acquires neither as much strength nor 
hardness as that from the slower-setting hydraulic limes. Ar- 
tificial hydraulic mortars, on the contrary, which set quickly, 
gain, in time, more strength and hardness than those which set 
slowly. 

125. The time in which hydraulic mortars, immersed in water, 
attain their greatest hardness, is not well ascertained. Mortars 
iiittd<! of strong hydraulic limes do not show any appreciable in- 
nriuiHfi of hardness after the second year of their immersion ; wlule 
tlif! bust artificial hydraulic mortars continue to harden, in a sen- 
nil)li! degree, during tlie third year after their immersion. 

iy(i. 'Picory of Mortars. The paste of a hydrate, either of 
<utii]in<in or of hydraulic lime, when exposed lo the air, absorbs 
nirlKinic acid gas from il ; passes to the state of sub-carbonate of 
lime ; williout, however, rejecting the water of the hydrate, and 
gruiliiiilly liurduns. Tlic time required for the complete satuta 
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ticn of tli« mass cspoyed. will depend on its built, 'Hie abscirp- 
lion of lh(! gas conifuciiccs iit Uic surface and proceeds more 
slowly lowards Uic centre. Tlic liardcning of mortars exposud 
to the atmosphere, is geiicra.1ly allribiilcd tu thi» absorption nf the 

Shi, as no cncmical action of lime upon (juarlzose sand, whirii is 
le usual kind employed for inortars, lias liithcrlo been detected 
by the ino3t careful experiments. 

127. With regard toliydranlic mortars, it is difficitltto accounl 
for ihcir hardening, except upim the effect which the silicalc of 
lEme may have upon the escess of .simple hydmte of iinconibined 
lime contained in the mass, M. Peiot suppo3e3, that the parti- 
cles of silicate of lime form so many centres, around ivliicti the 
uncombined hydrates group themselves in a cn'stallino form ; 
beconiin^ Uius sufficienlly hard to reaist the aorvent action of 
water. With respect to tlic action of qnaitzosc sand in hydraulic 
moTtars, M, Petot iJiinks that the grains produce the same xot- 
rhanicai effect as the particles of Uie silicata of lime, in inducing 
the aggregation of the uncoinbitiGd hydrate. 

126. Concrete. This term is upplicJ, by English nrchittcls 
and engineers, to a mortar of fmely-pulverizLid quick-lime, snnd, 
aiKl gravel. These materials art first tJioroughly mixed in a dry 
Blate, siiiEcient water \s added to bring the mass to the ordinarj' 
KOnsialcnce of mortar, and it is then rapidly worked up by a 
shovel, or elac passed ihrouf^h a pug-mili. Tl]c concrete is uaed 
immeihalely after the nialeiialis arii well incorporated, and while 
the mass is hot. 

129. The materials for concrete arc compounded in Tarious 
proportions. The most approved are those hi which the limu 
and sand are m llic proper proportions lo form a good mortar 
and the gravel is twice the bulk of the sand. The gravel ugetJ 
should be clean, and any pebbles contained in it larger than 
&n egg, sfiould 1»e broken up before the materials are mcorpo- 
rstrd. 

130. Hot water has iti some cases been used in making coii 
crele. It causes the mass to set more rapidly, but ia not olber- 
wise of any advantage. 

13 1 . The bulk of a mass of concrete, when (irst made, ia found 
lo be about one fifth less than the total bulk of the dry materials 
But, aa ihc lime alakcs, the mass of concrete is found to expand 
about three eighths of an inch in lieight, for every foot of the mass 
in depth. 

\3'i,. The use of concrete is at present mostly Tcsirieted to 
fiimjJKg a sohd bed, in bad soils, for the foundalJotis of edifices. 
It has also been used to fonn blocks of aitilicial stone, for the 
walls of buildings and other like jmrposcs ; but experience has 
■lura-ii, that it possca&ts iicitliM the durability nor strength rcqui 
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jr;.r.'. .; v i.-.-.- - .j^ v-^ti..s:r. 

/. .r-- .-,.■/.,.■- ■• .-■ i-t.-.r. :;. .-.w t.iz ■^j-n.'-ini g' jcia . 

V /r;' - «.",;: : .-: -.i 'V i_s.. l^^^l l^ --"x' *" ^jti—^r^ nr -tig 

«trr,A (■:■, •*■ 

. >! i- -.- ^'■.-.■ ■-.- '■.;■? r.*z^::f^::i5 isett ir Jenai ire f»- 
'f,- ■-::.-.: '■ : :f: — ,: n/::. r^ T":f *;i£ imeci ^ winca 
hi' / ! ■ ■ . ' ..'t ' I.--, -'i "".I- -• Ir-'^'-, '*'"^lf "J ':oajL * niiBl 

>'%.»' I 'i .'•'<^r''l. .. ^.'. t ..A.r '.::t^- [ ' -»■■■'• ■n.iT'Tir' a.rt— 

i:>-:i v.- r.L.*. i Hi scales anuiBitt of 

»: ■-».■. '.•: ;.—■ t: ;i.r WtH ^ur^uae. i^iil be doC 
-.1. ,.■- ■ '...-..r •.. -^.7 T.u:. icacea jiaay jinm 
•'..<:r. r i7i7t . T'.ic ;r:c*:rt:i;n wiiuza tbe 
'.'.•: ~ .u: 'cat;-^^ i*::i.~i j. i2.y ':ulk d( i Loom 
*Ti'.r.i», -.zdTi"-.. "Ji" :•? r;3ii:lT SKeiuined 
i.-.|-.':v,-. ■ .i.",;ti.-.".7 Tl-J, -^tr jJCSe "'^''^""' IdI 

a i;>^r i* -.■^ 7?-?-*c! vll ■;i:cnuiL The toU 

t^^f,- J. 

,.i', ,V.v,r, .v.a.''* ■'.I .-.-.I'.rA.- lo: '^r'-ira ^zone. ia which die 
■.,r-y •'.'.■.': ',i '.;.•■■. ,:,i:'-A.--:r.'.i t^:-. ^-.':^'-.a:-.Hi by lae pcoce« 
.,j' ■.. '.i.f.;, .-.ax .',»y;r. fv.rj: '.'. t.'-^. i-iUiiiCwirv remits ; bol, m 
,r .. .• .. ■,-,- .^U; a.-,y ''ifttfict ar..^L.-.i froc iicpertect manipulatk]^ 
■ ■« .' p^, V, «;r; a.'i fti^w ol caorur above thai of ihe roid 

'I f .' <t Hu'. ((ifAt ir/,xji,nia-jL. 'Mrton is made of a mixfture of 
..-■■./•• ', 'V-r/,, ',!* f.rifik, if. fr5.;rmeriU net larger than a hen's q^ 
4,vi '■!' r'.-*!^ ^tA fitif. sttuv'd tdixfA in suiuble propoitiom. 

I y;. (/. u.nAHiir t^v^n, thft irif'^rtAr i.i first prepared, and then 
,f,<-'-rv.riif"J wttfi th/: /inftr (fravftl ; tfie resulting mixture is sjoeail 
'^iF I .''. I f -lA':, i 'it ft xuihr.n in thictnfcfid, over which the coarser 
/r>''. If.'! Ur'.id-.fi ^t/in': Arf: uniformly strewed and pressed down, 
-ri". //..r..t. iii.i^'t tf'.itii; finally brought to a homogeneous state with 

't,t. i.'i' ntnl *\uiVi:l, 

t't'u,u 14 u*t'\ f'>r ttir: nam': piirpotics as concrete, to which it 
,« t;(^ n'-r jf) i:vi-ry Ti-.t'iii-.rA, liut liarlicularly so for fouodatioM 
|i<i'l I.;,/!' r Wii(*'.r, /.r Id huiriid U>rfi!ilic». 

f.t/. \illiifinii: iif Mirrtar. The force with which mortars in 
g* f.f i,.l .uWmii: Ui 4Ahtt ttMiU-inU, fjcpcjnds on the nature of the 
(luiI'M.il, lU \i:%Uui-, uml lljr; sUttu of the aurfacc to which the 
(finrl-ir i> Hjf|ili<''l. 

I.l't. \1itrhir itdli'Ti'fl infMt Htrongly to Brick ; and more feebly 

(I w'i"tl iluiii f'l tifiy iiIImt iniitftrial. Among stones, its adhesion 

III hiiio FiiiJiif IN ffi'iiiTiilly grciitcst; and to basalt and sand-stooes, 
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MBt. Among Stones of the same c1as&, it ffdheres generallv tel- 
ler to the porou.3 and co-arsc-graincd, ihaii lo llie coiiijmct and 
fme-grainea. Ajnong surfaces, it adheres mure strongly lo the 
roiigli than to the smooth. 

139. The adlicsion of comTnon mortar to brick and slone, lor 
the first few years, is grcaicr ilian the cohesion of its own parti- 
cles. The force with which liydrauhc cement adheres to the same 
materials, is less than that of tlie cohesion between its own parti- 
cles ; and. from some recent cxperimctita of Coionel Paslcy, on 
this subject, it woulii seem that hydraulic cement adhtsres with 
nearly the same force to polished surfaces of Glonc as to rough 
surfaces. 

140. From experiments made by RoDdelel, on ihe adhesion of 
common raortar to elone, il appears that it rrfjuired a furce vary- 
ing from 15 to 30 pounds on the square inch, applied perpendicu- 
lar to the plane ,of the joint, to separate tlie mortar and sLoiio 
after six months union ; whereas, only 5 pounds to llic square 
inch WS8 required lo separate the same surfaces, when applied 
parallel to tlic plane of the joint. 

From esperiniients made by Colonel Pasley, he concludes that 
the adiicsivc force of liydrauJic cemciit tu atone, may be taken as 
high as ISS pound.s on the square inch, whon the joint lias had 
time to harden tliroughout; but, he remarks, that as in iarge 
joinla the exterior part of the joint may have hardened while the 
interior still remains soft, it is not safe to eslimatc the adhesive 
force, in such cases, higher than from 30 lo 40 poiuids on the 
square inch. 

MASTICS. 

141. Tlie lenri Maslic is generally applied to artificial or naiu 
ral combinations of bituminous or I'tsitious jjubalances with other 
ingredients. They are coni-erled lo various uses in cinistrucliona, 
either as eementg for other materia Is, or as coatings, lo render them 
impfervious lo water. 

142. BUuminous Mastic. The knowledge of lliis materia] 
dalea back to an early period ; but it lA only within, c>^nipar&- 
lively speaking, a few years that il has come into common use in 
ICurope and this country. The most usual form. in which it la 
now employed, is a combination of rameral tar and powdered 
bituminous lime-stone. 

143. The localities of each of tficac substances are very nu- 
uierouB ; but ihey are cliiefly brought into the market from several 
places in Switzerland and Trance, where these minerals nm found 
in great abundance ; the most nolcd being Val'de-Travers iu 
Switzerland, and Seysse! in France. 

144. The mineral tar is usually oblnincd by boiling in waler a 
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toft Band-Btonc, called by the French molasse, which is stiongfy 
impregnated with the tar. In this process, the tar is disengagied 
and rises to the surface of the water, or adheres to the aides of 
the vcsHel, and the cnrtliy matter remains at the bottom. An 
an&lyxiH of n rich specimen of the Seysscl bituminous sand-straie 
gave the folhiwing results : — 

lliiuminoui oil . .086 ( j,., ,-. 

UarlH.n . . . .080^'*"""" ' "^ 

Qiiartiy gr&tna OBO 

C'alcuroous graini 804 
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14ri. The bituminous hmc-stone which, when reduced to a 
powdered stiite, ia mixed with tlic mineral tar, is known at the 
Ii>(',aiili('H nirntioniul by the name of asphaltttjn, an appellation 
wliich in now nmiidly ^ivrn to the mastic. This lime-stone occurs 
in the. tK^nindury fonnntions, and is found to contain various pro- 
portionx of biiiinien, varying niostly from 3 to 15 per cent., with 
the (ithiT (inlinury iniiirruls, as argilc, »&c., which are met with 
in lliiH runiiulion. 

H(i. 'I'iie l)itiiniiiiouH mastic is prepared from these two mate- 
ritils by healing tbii niiiK-ml tur in cast-iron or sheet-iron boilers, 
ami Nlirrjiij{ in the proiwr jiroportion of the powdered lime- 
Nloiin. 'I'luN oprralion, allhunirli very shnplc in its kind, requires 

Stntl iillt'iiluHi unil skill on ihe part of the workmen in managing 
in (ire, tiH the niiittfic iniiy he injured by too low, or too high a 
<l«^ree nf heal. Tlie bedt pliin appears to be, to apply a brisk 
111 ^ unlit lln^ bdiliii;^ lii|uiil loinmeiifes to give out a tnin whitish 
vapiif, Tlie lire m then nuHJenitcd and kept at a uniform state, 
mill llie jiiiwderi'd sleiie is Knidimliy added, and mixed in with the 
tar by Hrirriii/^ llic two well t<iyeilier. When llie temperature has 
bi!(?n riiisi il tiHi high, the healed mass gives out a yellowish or 
linivviiiHb viipiir. In this slate it shoukl be stirred rapidly, and be 
rc.iiiDveil III unee from ihe fire. 

I-IT. The, iiHphiillic sloiie may be reduced to powder, either by 
rcKmliiijt il In veNMiiU ()V«T ii tire, or by grinding it do^vn in the or- 
diiiiiry ni'iiliir-iniil. For roasting, tfie stone ia first reduced to 
frii^iiieniH ihe si/.(! of an egg. These fragments are put into an 
itoii veNNel ; heal JH appHed, and the stone is reduced to powder 
by NtirririL; it and breaking it up with an iron instrument. This 
prneeHH In not only leHM ci'dnoitiical than grinding, but the ma- 
teriiil hiHen a portion of its tar from evaporation, besides being 
liabhi III injury from loo great a degree of heat. For grinding, 
till) Mtone is first broken as for roasting. Care should be taken, 
during the [)ro{-csN, to slir the mass frequently, otherwise it may 
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fiinn inlo a cake. Cold dry weather is llic best aeason for ihw 
operation; the stone, however, aliould not be exposed to tha. 
weather. 

148. Owing to the variable quantity of mineral tar in bitumi 
D0U8 limc-stonc, the best proportiona of the tar and powdered stone 
for bituminous mastic, cannot be assigned beforehand. Three of 
four per ctul.too much of lar, is said to impair both the durability 
and tenacity of the mastic ; while Too small a quaiuily ia etjually 
prejudicial. Generally, from eight to ten per cent, ol the lar, by 
weight, has been found to yield a favorable result. 

f 149. Maaiics have been formed by mixing vegetable tar, pitch, 
and other resinous substances, with lillmrge, powdered urick, 
powdered lime-slone, &c. ; but the results oblained have gener- 

[ftUy been inferior to those from bituminous mastie. 

160. Mineral tar 13 more durable than vegetable tar, atid on this 
account it has be^n used alone as a coati^ig for other materials, 
but not with tlic same eucceas aa maBtic. Employed in tliis way, 
the tar in lime becomes dry and peeU off; whereas, in the form 
of mastic, the hard matter with which it is mLxed prevents the 
evaiioration of the oily poriion of tJie tar, and thus promotes its 
durability. 

lol. riie uses to whicb bituminous masUc is applied are daily 
increasing. It has been used for paving in a variety of forms, 
either as a cement for large blocka of stone, or aa the malru- of a. 
concrete formed of small fragments of Blone or gravel ; as a point- 
ing, it ia found to be more servioeabte, for some purposes, than 
hydraulic cement ; il forms one of the best waler-iiglil coatings 
for cisterns, cellars, tlie cappings of arches, terraces, aiid oilier 
similai rooling3 now in use ; and is a good preservative agent for 
wood work exposed to wet or damp. 



GLPE. 

_152. The common animal glue is seldom used as a cement for 
any other purpose than for tlie work of the joiner. Allhougli of 
considerable tenacity, it is weak, bhiUe, and readily impaired by 
moisture. 

153. Within a few years back, a material termed marine glue, 
the iTiveaiion of Mr, JeSerj- of EnglamJ, has attracted attention in 
Kiigland and France, in both which countries its rjualitirs as a 
cement, boUi for stone and wood, have been tested with tlie most 
' Balisfaciory results. This composition i? said to be made by firal 
disftolvjng caoutchouc in coal naphtha, in the proportion of one 
potiiMi of the former to five gallona of the latter ; to this solution 
an equal weight of shellac is added, and the conipositton is then 
placed over a lire and thoroughly mixed by stirring. 
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154. Owing to ils insolubilily in walcr, iu reinarkabl« unadM 
■nd adlieaioi), and its poweis of contraclion and expansion thmoga 
a Tery considerable range of tenaperalurc, withoui becoming eitaa 
very soft or brittle, the marine glue promisea to be do! only b rti- 
name addilioa to the resources of tlic naval aichiiectt but lo 

[idvil eo^eer. 

BItlCK. 

155. This material i« properly an aniftcia] stone, fornied 
Bubmilting common clay, which liaa undergone suitable prepa 
ticOr To B lemperaiure sufficient to convert ]t into a scmi-Tiaified 
Male. 

156. Brick may be used for nearly all the purpoaes to vrhicb 
stone is applicable ; for when carefully made, ils strength, haid 
ne&at and durability, arc but little mferior to the more ordinary 
kinds of building stone. It remains unchanged undt;r the ex- 
tremes of temperature i resists the action ol water; eels firmly 
and promptly wilb inorliLr ; and being both iL'lieaper and lighter 
than alone, is lireifcraLilc lo it for many kinds of sUuctunM, u 
arches, the walls of houses, Sec. 

157. The art of brick-making is a distinct branch of the ' 
arts, and doCs not properly belong to that of the engioecr. 
as die engineer is frcQuenlly obhgcd to prepare this material 1 
Bclf, the toUowing outline of the process may prove of servi«sc, 

158. The bcflt brick carlh is comroscd of a mixture of pa 
clay and sand, deprived of pebbles oi every kind, but pa-rticulaiiy^ 
of those which contain lime, and pyrilous, or other metallic sub- 
stances ; as these substances, when in large quantities, and in tbe 
form of pebbles, act as fluxes, and destroy Uic shape of the btick* 
and weaken it by causing cavities and cracks ; but in small quai^ 
tities, and equally diffused tliroughout tlic carlli, they assist the 
ritrification, and give it a more uniform character. 

15ft. Good brick earth is frc(^ucnlly found in a natural siat^ 
and requires no oilier preparation for the purposes of the blick- 
Biaker. When he is obliged to prepare the Cflrth by mixing die 
pure clay and sand, direct osperimenls sliould, in all cases, l>e 
made, to a&cerlain the proper proportiotis of liie tivo. If the clay 
is in excess, the temperature required to semi-vitrify it, will cause 
it to warp, shrink, and crack ; and, if there is an excess of sand, 
complete vi[lrihcation will ensue, under similar circumstances. 

16U. The quality of the brick depends as much on the cats 
bestowed on iU manufacture, as on the quality of the earth. TJta , 
Arst stage of the process is to free the eartli from pebbles, wltiok^B 
is most elTeclually done by digging it out early in tlie autumq^l 
and exposing it in email heaps to ilje weather during llic winter. 
lo the spring, the heaps axe carefully riddled, if necesgary, 
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ihe earth ig then in a proper state to be kneaded or tempered. 
The quantity of water required in tempering, will depend on the 
quality of the earth ; no more should be used, than will be suffi 
a«n[ to tnakc the earth so plastic, as lo admit of its being easily 
moulded by the workmaji. About half a cubic foot of water tn 
one of the earth is, in mosi cases, a cood proportion. If too niuctl 
water be used, the brick will not only be very slow in drying, hut 
it wit!, in most cases, crack, owing to the surface becoming com- 
pletely dry, before tlie raoislure of the intcnoT has had lime to 
escape ; the consequence of which will be, that ihe brick, when 
burnt, will be cither entirely unfil fur use, or very weak. 

16 1 . Machinery is now coming mto Tcry general use in mould- 
ing brick : it is superior to manual labor, not only frona the labor 
aaced, but from its yielding a better quality of brick, by giving it 
great density, which adds to its strength. 

162. Great attention is icquisitc in drying the brick before it 
ifl bLmed. It should be placed, for this purpose, in a dry expo- 
sure, and be sheltered from the direct action of the wind ajid sun, 
in order that the moisture may be carried off slowly and uniformly 
from the entire surface. When this precaution is not taken, the 
brick Will getseraily crack from the unequal shrinking, ariaiiig 
from one part drying more rapidly than the rest. 

163. The burning ajid cooling should bc done with equal care, 
A very moderate fire should be applied under the arches of the 
kiln for about Iwenty-four hours, lo expel any remaining mocsliire 
from the raw brick ; thia is known lo be completely effected, 
when ihc smoke from the kiln is no longer bJack, The fire is 
then increased vnlil the bricks of the arcnes attain a white heat ; 
it is then allowed lo abate in some degree, in order to prcrent 
complete vitrification; and it is alternately raised and lowered in 
this way, until the burning Is complete, wliicli may be ascer- 
tained by examimnff the bricks at llie top of the kiln. The 
cooling should be slowly efftcted ; otherwise the bricks will not 
withstand the effects of the weather, it is done by closing 
the mouths of the arches, and tlie top and sides of the kiln in 
the most effectual manner with moist clay and burnt brick, and 
allowijig the kiln to remain in this stale until the warmth has 
nibside4, 

164. Brick of a good quality cihibils a fine, compact, uniform 
temire, when broken across ; gives a clear ringing sound, when 
Btmck ; and is of a cherry red, or brownish color. Three varie- 
ties are found in the kiln ; those which form tlie arches, deiiom 
inated arch brick, are always vitrified in part, and present a 
grsiyish glassy appearance at one end ; they are very hard, bul 
Brittle, of inferior strength, and set badly with mortar ; those from 
tbfl interior of the kibi, usually denominated hody, hard, or cherr\ 
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brick, arc of the best quality ; those from near the top and sideiL 
arc ('Rncr.illy undorbiirnt, and are denominated soft, pate, or sam- 
met brick ; tlicy tiavc neither sufficient strength, nor durability, 
for heavy masonry, nor the outside courses of walls, which axe 
exposed to the weather. 

105. Tlic quality of good brick may be improved by soaking 
it for sornc days in water, and re-bummg it. This process in- 
crcaBCH both tFic strengtli and durabihty, and readers the brick 
.more ituitable for hvdraulic constructions, as it is found not to 
imbibe water so readily after liaving undergone it. 

1 f>(i. Tlie size and form of bricks present but trifling variations. 
Tlicy arc generally rectangular [jarallclopipeds, frtmi eight to nine 
inches long, from four to four and a half wide, and from two to 
two iiiid a (juartcr diick. Thin brick is generally of a better 
(luality than thick, because it can be dri«l and burned more 
uniformly. 

1(J7. f'ire-brick. This material is used for the facing of fur- 
naces, fircphiccs, &c., where a higli degree of temperature is to be 
Biistiiincd. It is made of a vcrj- refractory kind of pure clay, that 
remains unrhanged bya degree of heatwhich would vitrify and com- 
pletely destroy ordinary brick. A very remarkable bnck of this 
cliaracler has been made of agaric mineral; it remains un- 
changed under tlie highest temperature, is one of the worst con- 
ductors of heat, and so Ught thai it will float on water. 

168. 7V/w. As a roof covering, tiles are, in many respects, 
superior to slate, or metallic coverings. They are strong and 
durable, ami .ire very suitable for the covering of arches, as their 
great weiglit is not so objectionable lierc, as in the case of roofs 
lomied of frames of timber. 

Tiles should be made of the best potter's clay, and be motilded 
with great care to give tliem tlie greatest density and strei^gth. 
They are of very variable form and size ; the worst being ^e 
flat square form, as, from the liability of the clay to waip inoum- 
ing, they do not make a perfectly water-tight covering. 

WOOD. 

169. This material holds the next rank to stone, owing to hi 
durability and strengtli, and the very generil use made of it in 
constructions. To suit it to the purposes of the engineer, the 
tree is felled after having attained its mature growth, and the 
tnmk, the larger hranchea that spring from the trunk, and the 
main parts of the root, arc cut into suitable dimensians, and sea- 
soned, in which state, the term timber is applied to it. The 
crooked, or compass timber of tlie branches and roots, is mostly 
applied to tlie purposes of ship-building, for llic knees and other 
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Ccf the fcante-woTk of veBsels, requirmg crooked Limber 
tiiiiik furnishes all the slraiglit timber. 

170. The trunk of a fuil-grown Irce prcBenls three distinct 
parts : the barkf wliich fomia the exterior coaling ; the sap-wood, 
which is null lo the bark ; the /leart, or inn^r part, which is easily 
diaiinguishablc from the sap-wood by its greater fimmcss ajui 
daiker color. 

171. The heart forms the essential part of the trunk, as a 
biiildmg material. The sup-woot! poasess'cs but Utile strength, 
and is suhject to rapid decay, owiiiig lo llie great quaiilily of ler- 
mcntable mailer coniaiiied m it 1 and the bark is not only without 
strength, but, if suffered lo remain on the tree after it is feUed, it 
hastens ihe decay of itic sap-wood and heart. 

172. Trees should not be felled for timber until they have at- 
tained their mature growth, nor after they exhibit sytitptouis of 
decline; oiherwjsc, the timber will be less strong, and far leas 
durable. Most forest trees arrive at matm-ily between fifly itnd 
one hundred years, and commence to declme after one hmidred 
and fifty or two hundred years. The age of the tree can, iii most 
cases, be ascertained eiiher by Lis external appearances, or by 
cutUrg into the centre of the trunk, and counting tlie rings, or 
layers of the sap and heart, as a ncw^ ring is formed each year in 
rhe process of vcgctalion. When the tree commences to uerline, 
the entreiaitica of the old branches, and particularly ihu lop, ex- 
hibit signs of decay. 

173. Trees should not be feUcd wliile the sap is in circulation ; 
for tliis B« ha lance is of a peculiarly fcnnciilable nature, and, there- 
fore, very productive of deslrucljon lo the wood. The winter 
months, and July, arc the seasons in wliich trees are felled for 
timber, as the sap is genendly considered as dormanl during these 
montlis i this practice, however, is in i>arl condemned by some 
writers; and the recent expcrinienls of M. Douclieric, in France, 
support llua opinion, and indicate midsummer and auluinn as the 
seasons in which ilie sap is least Bclire, aad tlierefore as mosi 
favorable for felting. 

174. As the aap-wi^od, in most trees, forms a large portion of 
the trunk, experiments have been made, for tlic purpose of im- 
proving its strength and durability. These experiments have been 
mostly directed towards tlic manner of preparing the tree, before 
feUing it. One method consists jn girdling, or makina an in 
cision with an axe around the trunk, completely through ihe sap- 
wood, and suffering ihc tree to stand in lliis slate until it is dead ; 
iJie ol}ier consists in barking, or stripping the entire trunk of ils 
barkf without wounding the sup-wood, early m die spring, and al- 
lowing the tree to stand untd l!ie new leaves have put iurlii and 
fallen, before it iii felled. The sap-wood of trees, treated by boili 
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of these methods, vra^ found vciy much improved in haidnov 
Blrcngth, and durability ; the results from giniiuig were, howereai 
inferior lo those from barking, 

17y. The seasoning of liniber is of tlie greatest importance, not 
(inly to its durability, but lo the solidity of the elruciure for which 
it may he used ; as a very sliglit shrinking of some of the pieces, 
ajieing from Uie seasoning of the wood, might, in many coset, 
cause ma^tcrial injury, if not complete destruction to tlie stniciure. 
Timber is considered as sufEcienlly seasoned, for the purpoBC* 
of frame-woik, when it has lost abou'. one fifUi of the wei^f 
which it has in a green etalo. Several methods are in use lot 
Beaeoning timber i Uiey consist eitiitrr in an exposure to the aifJ 
for a certain period in a sheltered position, which is lemied nafu-I 
rcl seasoning- ; in immersion in water, termed ivater teasontHg ; ' 
or in boiling, or sleamiitg, 

176. For natural seasoning, it is usually recommended to strip 
the trunk of its brandies and bark, immeajately upon felling, and 
to remove it lo some dry position, until it can be sawed into suit- 
able acEUiLlJng. From tlie experiments of M. Boucheric, just 
cited, it would seem liiat hf iter results would ensue, from allow- 
ing the branches and bark lo remain on the trunk for some days 
after felling. In tins alalc, the vital action of the tree continuing 
in operalion, the aap-vesaels will be gradually exhausted of sap, 
and filled witii air, and tbe trunk thus better prepared for the pro- 
cess of seasoning. To complete the seasoning, the sawed timber 
should bii piled Under dmng sheds, where it will be freely ex- 
posed to tlie circulation oi the air, but sheltered from tlie airect 
action of the wind, rsin, and sun. By taking ihese precautions, 
an equable evaporation of the moisture will take place over the 
entire surface, which will prevent cither warping or splitting, 
wliich necessarily enaues when one part dries more rapidly lliui 
imother. It is farther recommended, instead of piling the piece* 
on each other in a horizontal position, that they be laid on cast- 
iron supports properly preparea, and witli a s-ufficient inclination 
lo facilitate llic dripping of llie sap from one end ; and that heatry 
round timber be bored through the cenue, to expose a greater! 
surface to the air, as it has been found that it cracks more in &&»- 
soning Ilion sqiiaJ'c timber. 

Natural seasoning is preferable to any otiier, as timber Reasoned 
in this way is bolll stronger and more durable than, when preparol 
by any artilicial process^ Most timber will require, on nn aver- 
age, about two ^ears to become fully seasoned in the natural i 
way. 

177. The process of seasoning by immersion in water, is slow 
and imperfect, as it takes years to saturate heavy timber ; and 
the soluble matter is discharged ver^' slowly, and chiefly ^ om ihe 
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enenor layers of the imiiiersed wocnI. The practice of keeping 
timber in water, with a view to facilitate its seaaoning, has been 
condemned as of douljtful utility ; particularly immersion in salt 
i water, where the timber is liable to the inroacis of liiose two vcr7 
destructive inhabitants of our waters, iIjc Limnoria Trn^branSi 
and Teredo NavaHs; the fonner of wliich rapidly destraya the 
heaviest logs, by gradually eating in between the annual rings ; 
ind the latter, the well-known Wji^-icor»7ij by converting limber 
[ jcto a perfect honeycomb state by its numerous perforations. 

17tt. Steaming is mostly in tise for ship-builaing, where it ia 

i jiecessiiry to soften the fibres, for ihe purpose of bending large 

I pieces of limber. This la effected by placing the limber in strong 

Bteam-tight cylinders, where it is subjected to the action of steam 

long enough for the object in view ; the period usually allowed, 

is one hour to each inch in thickness. Steaming slightly impairs 

B the aiTL'iiglh of timber, but renders it lesa subject to decay, and 

H less liable to warp and crack. 

H 179. When timber is used for posts partly imbedded in tits 
Bffround, it '\s usual to char tlie part imbedded, to preserve it from 
BLdecav- This method is only serviceable when the limber has been 
previously well seasoned; but for green timber it is highly inju- 
rious, as tiy closing the pores, it prevents ihc evaporation from ihe 
■ Burface, and thus causes fermentation and rapid decay within. 
180. Tiie most durable timber is procured from trees of a cloae 
compact textiirer which, on analysis, yield the largest quantity of 
Cfirbon. And those which grow in moist and ehady locablies, 
fiimish timber wluch is weaker and less durable than tliat from 

• tieea growing in a dry open exposure. 
181. Timber ia subject to defects, arising either from aoms 
peculiarity in tlie growih of the Ir^e, or from the effects of the 
W'fialber. Stniiglit-giaincd limber. Dree from knots, is superior 
in strength and quality, as a building malerial, to that which is 
the reverse. 

182. The action of high winds, or of severe frosls, injures the 
tree while standing : the former separating the layers from each 
other, forming what is denomiiialeil rolled timber; the latter 
cracking the limber in several places, from the surface to th» 
centre. These defects, as weEl as ihoac arismg from wonn^, or 
age, are easily seen by examining a cross section of tlie trunk. 

183. The iaet and dry rot are the most serious causes of the 
decay ot timber; as all the remedies ihus far proposed to prevent 
them, are too eipensive to admit of a very general application. 
Both of these causes have tlie same origin, fcrmeotation, and 
consequent putrefaction, The wot rot lakes place in wood ei- 
posed, allernatciy, to moisture and drynesH ; and the dry rot is 

.occasioned by want of a. frre circulation of air, as in con&iedi- 

7 
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wim loctlitie*, like cdUn tad tftf turt canfined pmxlm 
veMek. 

Tren of luid growifa, wfaieb ecatain « bige panion of ttp- 
woodf and bamr of eroy de*c7tpbofk, wben nsea green, wbeare 
there is a want of a &ee drculalion of air, deeaT reiy rapidlr witk 
ihe pot. 

164. Numberless experimenis ha.Te been made on ifae preser- 
Tati<jn of timber, and many jiToceu^a for this pwposc have been 
patented both in Europe and ihis countzy. Several of iheae 
proeessea have yielded toe most satis&ctorr resolls ; and needy 
■U hare proved, more or lesa efficactous. The meaiiA nioelly m- 
■ortsd lo bavc been the saturation of the timber in the solutian 
of Knne ult with a metallic, or earthy base, thus fufmiog an m- 
aoluble compound with the soluble matter of the timber. Tbs 
ulta which hare been moBt ^nerally tried, are tibe sulphate of 
koDi or copper, and the chloride of mercurj', zinc, or calcium. 
The results obtained from the chlorides have been more satisbo-^i 
lory itian those from the sulphates ; the latter clasa of Nilts wnll^| 
metallic bases possesti undoubted antiseptic properties; but it ia ■ 
Staled that the freed suJplmric acid, arising from |hc chemical 
action of the sail on tljc »ood. impau^ the woody fibre, and 
changes it into a subslance resembling carbon, 

lUS. The processes which haTe come into moat eeneral usOpfl 
are those of Mr. Kyan, and of Sir W, Burnett, called after ihe™ 
patenteee kyaniztng and bumetizmg. Kyan's process is to Ml- 
urale the timber with a solution of chloride of mercury ; using, 
for the solution, one pound of the salt to five callons of water. 
Burnett uses a solution of chloride of zinc, in uie proportion of 
one jionml of the salt to tqn gallons of water, for common pur- 
pobce ; and a more highly conccntraled solution when the object 
i« also to render the wood incombustible, 

186. As timber under ttic ordinary circumstances of immcr-fl 
sion imbibes the solutions very slowly, a more expeditious, eis ™ 
U'bII as more perfect means of saturation has been used of late, 
wliicli conaiala in placing the wood to be prepari?d iii strong 
wrondil-imn cylinders, lined with felt and boards, to protect the 
iron trom the action of the solution, wh*re, tirsl by exiiauajing 
tlie cylinders of air. and then applying a strong pressure by means 
of a forcc-pum]), the liquid is forced into die sap and alr-vesaeU, 
and pcnelratca to the very centre of the timber. ^ 

I HI. Among the patented processes in our country, that of Mr. ■ 
£arlv iiaa received mosi notice. This conaisla in boifing Ihd 
tiribor in a, solution of the sulphates of copper and iron. Opinion 
Sremn to be divided as to tho ttBcacy of this method. It lias been 
tried for llic preservation of timber lor artillery carriages, but ool 
uritli saliBfaciDry joeults 
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188. M. Boiiclierie, to wTiose able researches on lliis subjeci 
reference has been ma.dc, nciliciiig tlie slowness with which 
aqueous solutions were imbibed by wood, when simply im- 
riiifrsed in them, conceived the irg'enioiis idea of rendienng the 
vital action of ihe aap-yessela aubsciTient to a thorough iinprcg- 
naiion of CFery part of the trunk where there was this vilalily 
To effect this, he tirst immersed the butt end of a freshly-fellfd 
tree in a liquid, and found that it was difibsed throughout ail parts 
of the tree, in a few days, by the action in question. But. find 
ing it difficult to manage trees of some size when felled, M. 
Boucherie nest attempted to saturate them before felling ; for 
which purpose he bored an auger-hole through the tnuik, and 
made a saw-cut from the auger-liole outwards, on each side, to 
wjtliin a few inches of the exterior, leaving enough of the fibres 
untouched to support the tree. One end of the auger-hole was 
thon slopped, as well as all of the saw-cut on the exterior, and 
the Mrpiid was introduced by a tube inserted into the open end of 
the auger -hole. This method was found equally efficacious witli 
the first, and more convenient. 

169. After csaniining the action of the Tarious neutral salts on 
the soluble matter contained in wood, M. Boucherie was led to 
1^- the impure pyrohgnite of iron, both from its chemical compo- 
sition and its cnea,pne83. The results of this experiment were 
pcrfcctiv salisfactox>'. The pjToligmlc of iron, in the proportion 
of one liflielh in weight of the green wood, was found not only to 
preserve the wood from decay, but to harden it to a very high 
degree. 

190. Observing that the pliabihly and elasticity oi wood de- 
pended, iJi a great measure, on the moisture contained in it, M. 
Boucherie next directed his attention to the means of improving 
tlieiic properties. For this purpose, he tried solutions of various 
deliquescent salts, which were found to answer the end proposed. 
Among these solutions, he gives the preference to that of chloride 
of calcium, which also, when concentrated, renders the wood tn- 
combuslible. He also recommends for like purposes the mother 
water of salt-maishea, as cheaper than llic solution of the chloride 
of calcium. Timber prepared in this way is not only improved 
in elasticity and pliahility, but is prevented from warping and 
cracking ; the limber, however, is subject to greater variations in 
weight iKau when seasoned naturally. 

191. M. Boucherie is of opinion tlmt the earthy chlorides will 
'sIbo act as prcsen'aiives, but to ensure ihis he recommends that 
'ihey be mi\cd with one fifili of pyrolignite of iron. 

' 192. From other espcrimenl-s of M. Boucherie, il appears thai 

'tlie sap may be expelled from anv freshlY-feUed timoer by llie 

pressure of a liquid, and the timber be impregnated as thoroughly 
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as by the precedtag proccssea. To effect this, the piece co 1m 
Mluratftl is placed in an upright poaition, ao that the sap mav . 
Aow readily &om the lower end ; a watcr-liolit biig, conu ' 
the liquid, is affiled to the upper extremity which is surmc 
\n ifae liqoid, the pressure from whicK espela the sap. and 
ine ni^TeaaeU with the hquid. The process is coniplete wheo 
the Utjoid is found to issue in a pure state from the lower end of i 
ibe sDck. 

193. Either of the sbovs processes may be applied in iinpi^- 
naling tinker with coloring matter for oraamenlm purposes. The 
plan recommended by M. Boucherie, consists in introducing sep* 
stalely the solutions by the chenucaj union of which the colcxc is^ 
10 be formed. 

1 SM, The effect of time on the durability of timber, prepared 
by any of ihe various chemical processes which have just been 
detailed, remains to be seen ; allnough results of Ihe moet satifl- , 
tactory nature may be looked for, considering the severe testa to 
which mo»t of them have been subiiiitled, by exposure in situa- 
litma peculiarly favorable to the destruction of ligneous sub- 
stances. I 

195. The durability of limber, when not prepared by any of 
the abovc-mcniioned processea, varies greatly under diffcrGnt cir- 
cumstances of cjiposure. If placed in a sheltered position, and 
exposed to a free circulation of aii, timber will last for centurieS] 
without ahowing any sensible changes in its physical proper-, 
ties. Ad e^ual, if not superior, durability is observed when it 
is immersed in fresh water, or embedded in thick walls, or 
tmder ground, ao as to be beyond the influence of atmospheric 
changes. 

196- In salt water, however, particularly in warm climates, 
limber is rapidly destroyed by the two animals already noticed ; 
the one, the limnona ierefjjarts, attacking, it is said, only station- 
ary wood, while the attacks of the other, the teredo navalis, are 
general, \arioiis means have been tried lo guard against the 
ravages of these destructive agents ; tlial of aheathmg eiptMed 
timber with copper, or with a coating of hydraulic cement, affixed 
to tiie wooil hy studding it thickly over with broad-headed nails to 
give a hold to llic cemciil, has met with full success ; but the oxi- 
aation of the metal, and the hability to accident of the cemeati 
limit their efficacy to cases where lliey. can be renewed. The 
chemical processes for preserving timber from decay, do not ap- 
pear to guard them in salt water. A process, however, of pire* 
serving timber by impregnating it with coal tar, patented in thia 
country by Professor Kcnwick, appears, from careful eiperi- 
nieniH, also to be efficacious against the attack of the shipwonu. 
A Coating of Jeffery^s marine glue, when impregnated with some 
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if thd Lnsol ible mineral poisons de^lmctiYe to animal life, Is said 
.0 auljBene the saine end. 

197. Tlic best seasoned rimber will not witlwtand the cffectc 
of exposure lo the weather for a much greater period than twenty 
five years, unless it is proleclcd by a coating of paint or pitch, 
or 01 oil laid on hot^whcn the liiabcr ie partly charred over aligh! 
blsze. These suhslaTicos lliemselvps, being of a perishable na 
tuK, require to be renewed, from lime to lime, and wiJl, there- 
fore, be serviceable only in situations which ad mit of their lenewal. 
They arc, moreover, more liurlfnl ihan j-erviceable, to unseasoned 
timber, as by closing ih* pores of the exterior surface, they pre- 
vent the moisture from escaping from within, and, therefore, pro- 
mote oRfi of the chief causes of decay. 

IflS. The forests of our oxvn country produce a grcal Tariely 
of the best timber for every purpose, ana supply abundantly both 
our own and foreign markets:. The followiiig genera are in mi^t 
common use. 

\99. Oak. About forly-four species of this tree are enumera- 
ted by botanists, as found in our forests, and those of Mexico. 
The most of them afford a good building niaierial, except the 
varieties of red oak, the limber of which is weak, and decays 
rapitlly. 

The Wliitc Oak, {Quercus Alhfr,) so named from the color 
of Its bark, is ainong the most valuable of the species, and is in 
Tery general use, but is mostly reiscn,'ctl for naval constructious ; 
its trunk, which is large, serving for heavy frame-work, and the 
roots and larger branches afforduig tine beat compass limber. The 
wood is strong find durable, and of a shghtly reddiah liiige ; it is 
not suitable for boards, as it shrinks about ^'j in reasoning, and 
is very subject to warp and crack, 

This tree is found most abundaiilly in the Middle States. It 
ie seldom seen, in comparison with oUier forest trees, in the 
Eastern and Southern States, or in the lich valleys of the West- 
ern Stales, 

Post Oak, (Qu^cus Oltusiloba.) This tree seldom attains i 
greater diamelcr than about fifteen inches, and, on this account, 
IS mostly used for posts, from wliicli use it takes its name. The 
wood has a yelJowish hue, and close grain ; is said to exceed 
wliite oak in strength and durabUily ; and is, therefore, an excel- 
lent building material for the lighter kinds of frame-work. This 
tree is found most abundantly in the forests of Maryland and Vir- 
ginia, and ia there frequently Called Bo-t Wliite Otik. and Iron 
Oak. It also grows in tlie forests of the Southern and Western 
States, but is rarely seen farther north than the mouth of the 
Hudson River. 

Chesnul ^A'Mte Oak, {Qvercus Prinus Palustris.) The tim 
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oer of this tree is strong and durable, but inferior to tlie two pre 
ceding ppecica. Tbe tree is abundant from North Carolina U 
FioriJa. 

Rock Cticsnut Oak, {Querctis Prinus Monlicola.) Tbe timber 
of tliis Irce ia mosllv in use for naval construclions, for which il 
is eslcomed inferior only to the white oak. The tree is fmnd in 
Uic Middle States, ai\d as far north aa Vermont. 

Live Oak, {Quercus Vireiis.) The wood of ibis tree i» of a 
yellowish litigc; it ia heavy, compacl, and of a fine ffwi', itii 
Blrongcr and more durable than any other species, and, on thii 
account, it 13 considered invaluable for ilic purposes of ship- 
building, for which it ia exclusively reserved. 

Tbe hve oak is not found farther north than tbe neighborhood 
gf Norfolk, Virginia, nor farther illL&tlid, than from iiiUea to twenty 
miles from the seacoasl. It is- found hi abundance along the 
coast south, and in llie adjacent islands as far as tbo mouth of the 
Mississippi. 

200, J'ine, This verj- interesting genua is considered inferioi 
only to the oixk, from the excellent timber a^'orded by nearly aU 
of il8 species. Il is regarded as a most Taluable building mate 
rial, owing lo its strcngui aiid durability, the straightness of its 
fibre, the ease with which it is wrought, and its apphcability to 
all tlie purposes of constructions in wood. 

Yellow Pine, (Pinus Mitis.) The heaxt-wood of this tree ii 
fine-grained, moderately resinous, strong, and durable ; but the 
sap-wood is very inferior, decaying rapidly on exposure to the 
weather. The timber is in very general uae for Crainc-work, &c. 

This tree ia found througlioul our country, but in the greatest 
abundance in the Middle Stales. In .the Southern Slates, it is 
known as Spruce Pine and Shorl-haved Fine. 

Long-!eaved Pine, or Southern Pme, [Pinus Australis.) Thi« 
tree has but little sap-wood : and the ri:siiiou3 matter is uniformly 
distributed tlirougbout ibo heart-wood, which prcecnla a fine com- 
pact grain, having more hardness, strenffUi, am! durability, tlian 
any other species of tiie pine, owing to which qualities the timber 
ia in very great demand. 

The tree is first met with near Norfolk, Virginia, and from this 
point south, it is abundantiy found. 

Wliite Pine, or Northern Piue, {Piniis Strobus.) This tree 
takes its name from the color of its wood, which is wiiitc, soft, 
Hglit, straight-grained, and durable. It is inferior in strength to 
the species just described, and has, moreover, the defect of swell- 
ing ill danip weather. Its timber ia, however, in great demand 
iia a good building material, being almost the only kind in use in 
the Laslcrn and Nortliem Stales, for the frame-wark and joinery 
of houses, &c. 
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Tlic finest apecrmens of this irce grow in llie forests of Maine 
.t ]s found in great abundance between the 43d and 47lli paral 

teis. N. L. 

201. Among ihe forest trees in less general use tlian the oali 
find pine, the Locust, the Chesniil, the Red Cedar, and iho Larch, 
bold tfie first place for hardness, strength, and durability. Tliey 
are chiefly us«d for the fraics-work of vessels. The clicsnnt, the 
lOcust, and the cedar, are preferred to all other trees for posts. 

202. The Black, or Double Spruce, [Abies Nigra,) nho af- 
fords an excellent material, its timber being strong, durable, and 
light. 

203. The Juniper or White Ceifar, and ihe CijpresSf are very 
celebrated for affording a material, which is vury ligiil, and ol 
great durability, when exposed to llie weather; owing In l!ieac 
q^ualiliea, it is almost exelUBively" used for shingles ana other ex- 
terior coverings. These two trees are found, in great abundance, 
in the awamps of tlie Souibem Slates. 

METALS. 

204. The metals in most common use in constructions are 
Iron, Copper, ZinCj Tin, gnd Lead. 

IRON. 

SOS. This metal is yery extensirely used for the purposes of 
the engineer and architect, bolh in the state of Cast Iron, and 
IVrougkt Iron. 

206. Cast Iron is one of die most valuable building materials, 
owing to its great sireiigtli, liardness, and durability, and tSie ease 
with whjcb it can be cast, or moulded, iato ihc best forms, foi 
the purposes to which it is to be applied. 

907. Cfisl iron is divided into two principal varieties, the Gray 
cast iron, rtnd, Wftite cast iron. There exists a very marked dif- 
ference between the propcriies of these two varieties. There 
are, besides, mnny interinedialc varieliea, whicli partake more oi 
less of the properties of these two, as they approach, in tlieir ex- 
lemal appcaratices, nearer to the one or the ofiier. 

2tt«, Gray cast iron, when of a good quality, is shghlly malle- 
able in a cold stale, and wil' ; .. .^ .eadily to tlie action of llie file, 
nlicn die hard outside coating is removed. This variety is also 
sonieiimes lenned soft gray cast iron; it is softer and tougher 
than the white iron. ^\ hen broken, the surface of the fracture 
preseata a granular structure ; the color la gray; and tbe histm 
IS wiiat is termed mcLilIic, resembling small brilhanl panicles of 
lead (itvcwed over the surface. 
- 209. White cast iron is very hard and brittle ; when recently 
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broken, ihe surface of ihc fracture presciils a (tistiiicUy-iiiarkei) 
crystalline structure; the culor is w-mtc ; and lusirc viLrcoUs, M 
bearing a resemblaiicc to tlic rejected light from an aggregation 
of Bmall crj'glalB. 

210. Mr. Mallet, in a very abie Report made to llie British 
Association for the Advancenioiit of Science, remarking on the 
great want of uniformity, among maiiulaclurera of iron, in ^be 
tcrma uscij to describe its diiTiircnl -varieties, proposes tlic follow* 
ing nomcnclawre, as comprising every variety, wiUi their distinc- 
tive characters. 

Silvery. Least fusible; thickens rapidly when fluid by ■ 
tfpontant^uus puddling; crj'slaJs vcsiculnr, ntten crystalline; ia- 
capable of being cut by chisel or file ; ultimate cohesion a maxi- 
inum ; clastic range a minimum. 

Micaceous. Very soft; greasy feel; peculiar micaceous ap- 
pearance generally owing to excess of manganese; soils llie fin- 
gers stroni^ly ; cr>'stals large ; runs very Ouid ; contraction lar^, 

Mouhd. Tough and hard; filed or cut with difficulty; crys- 
tals large and small mixed ; sometimes runs thick; contractioa ia 
coaling a ma.tiinun:i. 

Bright Gray. Toughness and hardness most suitable for 
working; ultiniale cohesion and clastic range generally are bal- 
anct^.d most advantageously ; crystals uniform, ver^' miiiule. 

Dull Gray. Less tough than the preceding ; other charactCTt 
alike ; contraction in coofing a minimum. 

Dark Gray. Most fusible ; remains long fluid ; exudes grapliite 
in cooling ; soils llie fingers ; crystals large and lamellar ; ullunate 
cohesion a minimum, and elastic range a maximum. 

an. The gray iron is moat suital>lc where strength is rcquiredj 
and llie white, where hardness is the principal requisite. 

212. The color and lustre, presented by the surface of a recem 
fracture, are the best indications of the quality of iron. A iini' 
form dark gray color, and high melalhc lustre, are indications of the 
best and strongest, Wjili Uie same color, but leas lustre, the iron 
will be found lo be softer and weaker, and to cninibic readily. 
b-on without lustre, of a dark and mottled color, is the softest aiid 
weakest of the gray varieties. 

Iron of a light gray color and high melallic lustre, is usual^ 
very hard and tenacious. As the color approaches to white, aod 
the melaltic lustre changes lo vitreous, hardness and britlleness 
licconic more marked, imtil the extremes of a dull, or grayish wltite 
color, and a very high vitreous lustre, are attained, which arc ihe 
indications of ihe hardest and most brittle of the wliite variety. 

21'3. The quality of east iron may also be tested, by striking a 
smart stroke witli a hammer on the edge of a casting. If the 
blow proiiucea a slight indcntaliou, without any appearuico of 
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fimettire, It ahowa that the iron is slightly malleable, and, lliere' 
fore, of a good quality ; if, oii the conlTaiy, the edge is broken, it 
indicates brittlejiass in the material, anu a conflequent want of 
slrenglli. 

214. Tiic slrenglli of cast iron varies with ils density ; and this 
element depends upon tlio temperature of Uie melal whi'n drawn 
from the fiiniaco ; Uie rate of cooling ; the head of nieia! under 
which ll»e casting is made ; and the bulk of the casting. 

215. Tiie dcimity of iron caal in vertical moulds incrt?ases, ac- 
cording to Mr. Mallet's expcrimenls, very rapidly from the top 
downward, to a depth of about four feet below tlie top ; from ibis 
point to the bottom, the rate of increase ia very nearly uniform. 
All oilier circumstanccB reiriaining the same, the density decreases 
with the bulk of the casting ; hence large aii propoflionally 
weaker than small castings. 

216. From all of these causes, by which the strength of iron 
may he influenced,, it is very difficult to judge of tEic quality of a 
cavliiig by its external characters; in general, however, if the 
exterior presents a uniform appearance, devoid of marked in&- 
qiiahtics of surface, it will be an indicalion of uniform strength. 

S17. The economy in Itie manufacture of cast iron, arising 
from tlie use of the hot blast, has naturally directed attention to 
ihe compara,li%'e merits between iron produced by this process 
and ihal from ihc cold blast. This subject has been ably inves- 
tigated by Messrs. Fairhairn and Hodgkinson, and their resuhs 
pilbliahea in the Seventh Report of the British Assacialion. 

Mr. Hodgkinson remarks on this subject, in reference lo tlie 
resulla of his experiments : " II is rendered exceedingly probable 
that the introduction of a heated blast into tlie maiiuT^icture of 
caal iron, has injured the softer irons, while it has freijuenily 
mollified and improved those of a harder nature ; and cotisidcrifig 
tlie small deterioration thai" some " irons have sustained, and the 
apparcnl benefit to ihoae of" others, *' togellierwilli ihc great saving 
effected by the healed blast, there seems good reason for the pro- 
cess becoming as general as it has done," 

818. From a number of specific gravilies givtn, in these Re- 
ports, the mean spccitic gravity of cold blast iron is nearly 7.091, 
thai of hot blast T.021. 

219. Mr. Fairbaim concludes his Report with ilicse obscrva 
lions, as the results of the invegtigatiotis of himself ami Mr, Hndg- 
kinaon : " The ultimatum of our inquiries, made in this '^vay, 
elands, therefore, in the ratio of strength, lOOO for iJie cold blast, 
to 1024.8 for the hot b(ast ; leaving tlic small fractional diflercnca 
of 24.8 in favor of the hot blast." 

"The relative pnwers lo sustain impact, are likewise in favo 
of the hoi blast, bi:ing in the ratio of 1000 to 1226..") " 

a 
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&20. Wrought Iron, The color, lustre, and texture of i 
fracture, present, also, ihe most certain iitdicationa of tbc quaJi^ 
of wrauglit iron. The fracture submitted to examination, should 
be of bars at least one inch square ; or, if of flat bars, thev shoiilil 
be al least half an inch thick; otherwise, tlie texture will be so 
greatly cliangfid, arising from the greater elongation of the fibttn, 
ill Itars of sn:ialler dimensions, as to present none of tlioac Am- 
tilictivc difTcrcnccs observable in ihe uaciure of laryo bars. 

221. The surface of a recejkl fracture of good iron, presents a 
clear gray color, and high metallic lustre j Uie texture is granular, 
and the grains hare an elongated aliape, and arc pointed aJld fl 
slightly crooked al their ends, giving the idea of a powerful force ™ 
having been employed to produce the fracture, When a bar, 
prescnlmg these appearances, ia hammered, or drawn out intai^l 
small bars, the surface of fracture of these bars will have a very'^f 
marked librous appctLiance, the filaments being of s white color 
and very elongated. .j 

222. 'When the texture is cither laminated, or cr^-slaUlne, it u fl| 
an indication of some defect in the metal, arising citlier from the ^| 
mixture of foreign ingredients, or else from same neglect in tiie 
process of forging. 

223. Burnt iron is of a clear gray color, with a slight shade 

of blue, and of a slaty texture. It is soft and brittle. ^ 

224. Coid short iron, or iron tJiat cannot be hammered wheO' ^ 
cold without breaking, presents nearly the same appearance as 
burnt iron, but its color inclines to white. It is very hard aad 
britde. 

225. Hot short iron, or that which breaks UTtder the bun-' 
mer when heated, ia of a dark color without lustre. This dfr ' 
feet is usually indicated in tlie bar by numerous cracks on the' 
edges. 

S2(i, The fibrous texture., which is developed only in small 
bars by luDnmcring, is aii inherent quality of good iron ; iJiow 
varieties which arc not susceptible of receiving iliiis pecuhar lei- 
ture, are of an inferior quality, and should never be used for pur- 1 
poses requiring great strenEtn : the filaments of bad varieties are 
shon, and the fracture is of a deep color, between lead gray and] 
dark gray- 

227. The best wrought iron presents two varieties ; the JTard ' 
and Soft. Tlie hard variety is very strong and ductile. It pre- 
serves its granular texture a long time under the action of the , 
bammer, and only developes the librous texture when beaten, ot^ 
drawn out into small rods : its tilanlents then present a silver 
white appearance. 

22S. The soft variety is weaker than the hard ; it yields easily 
to the hammer; and it cummcnces lo exhibit, under its action 
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-Uk fiorous texture in tolerably large barB, The color of the 

ibrea is between a. silver white and lead gray, 

229, Iron may be nalurally of a good quality, and Btill, from 

tbeing badiy refined, nul prcaeiit llic appearances which arc re- 

[garded as sure indicativiia of its excellence. Among ihc defecla 

rising from ihis cause arc blisters, fiaws, and cinder-holes. 

[CeiieraHy, however, if lh.e surface of fraclure presents a texture 

rtly ci-ystalline and partly libroua, or a fine granular texture, in 

cliicli suEQc of the grains seem pointed and crooked at the points, 

together witJi a h^it gray color williout lustre, it will indicate 

iiatural good qualiliea, which require only careful refiniug to be 

tiiilly developed, 
230. The BtrengtJi of wrought iron is very variable, as il de- 
pends not only on tlie natural qualities of the metal, but also upon 
the care beatowed in forging, and iJic greater or le&s coniprea- 
■ion of its fibres, when drawn or hammered iato bars of diflerenl 
sizes, 

23 1 . In the Report made by [he sub-comrnitiee, Messrs. John* 
i,«on and Reeves, on the aixcngtli of Boiler Iron, {Journal of Frunk- 
[iifi Insfitute, vol. 20, New Series,) it ia slated that the following 
■order of superiority obtains among the different kinds of pig 
ii*tal, Willi respect to the malleable icon which they furnish : — 
il Lively gray; 2 Wkice; 3 Mottled gray; 4 Dead gray; 
V6 Mixed meiais. 

The Report, elates, " So far as lliesc experimenta may be con 
sidered decisive of tlje question, tiiey favor the lighter complexion 
of the cast metal, in prisfcrencc to the darker and mottled varie 

iliea ; and they place the mixture of different sorla among tlie 
worst modilicalioiis of the material to be used, whore the object 
is mere tenacity," 
232. These experiments also show that piling iron of different 
degrees of hnencss in tlie same plate is injurious to ita quality, 
owing to die consequent inequality of the welding, 

233. From tliese experiments, the mean specific gravity of 

• boiler iron is 7-7344, and ol bar iron 7.7254. 
234, Durability of Iron. The durability of iron, under ilia 
different circumstances of exposure to which it may be submitted, 
depends on the manner in which the casting may have been made ; 
llie bulk of the piece employed ; the more or loss horaogcncoiw- 
neaa of tiie mass ; its density and hardness. 

235. Among the most recent and able researches upon the ac 
tton of the ordinary corro&ivc a^ciitd on iron, and ilic preservative 
means to be employed against tlicin, those of Mr. Mallei, given in 
llie Report already mentioned, iiold liic first rank. A brief re- 
capitulation of tlic most prominent conclusions at which he hu 
i,arrived, ia all liiat can be allertiptcd in thia place. 
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236. When iron is only partly immereed in water, or whollv^y 
Uimeraed in water composed of stiata of different denaities, U]ia^| 
that of tidal rivers, a voltaic pile of one solid and two fluid bodict^^ 
Is formed, wliich causes a more rapid corroeion t):ian -when Uie 
liquid is of uniform density. 

237. The corrosive action of the foul sea water of docks an} 
•harbors is far more powerful llian that of clear sea, or fresh nrater, 
owing to the aclion of llie liydro-sulphunc acid whicli, beiii^ dis- 
engaged from the mud, iinpregnalea the water, and acts on the 
iron. ^^ 

236. In clear fresh rir^r WRter, the corrosive action is less tha^^f 
under any oth«r circumstances of immeraioH; owing to the ab-^^ 
sence of corrosive agent*, and the firm ndherence of the oxide 
formed, which presents a hard coat tiiat is not washed off as in 
sea water. 

239. la clear sea water, the rate of corrosion of iron bars, one 
inch thick, ia from 3 to 4 tenths of an inch for east iron in a ceit-, 
tury, and about 6 tenths of an inch for wrought iron. 

240. Wrought iron corrodes more rapidly in hoi sea water 
under any otlier circumstances of immersion. 

24 1 . The same iron when chill cast corrodes more rapidly 
when cast in green sand; this arises from tlie chilled surfacs 
being less uniiorm, and therefore forming voltaic couples of iron 
of different densities, by which the rapidity of corrosion is ii>- 
creased. 

242. Caslinga made in dry sand and loam are more duiable^i 
UndcT water than those made in green sand. '^M 

243. Thin bars of iron corrode more rapidly than those of morc^' 
bulk. This difference in the rate of corrosion is more striking m 
the soft, ox graphitic apecimcns of cast iron, than in the hard and 
wlvery. It is caused by Uie more rapid rate of cooling in thin 
than in thick bars, by which llic density of the surface of ihc foti^H 
mer becomes less uniform. Tiiese causes of destnictibility raaf,,^! 
in some degree, be obviated in castings composed of riUied 
pieced, by making tlic ribs of ei^ual tliickness with the main 
pieces, and causing them to be cooled in the sand, before 8trq>- 
ping [he moulds. 

244. The hard crust of cast iron promotes its durability ; wben 
this is removed to tlie depth of one fourth of an inch, the iron cati^m 
rodes more rapidly in both air and water. ^H 

245. Corrosion lakes place the less rapidly in any variety of ■' 
Ton, in proponion 0.3 it is more homogeneous, denser, harder, nnd 
rloser grained, and the less graphitic. 

246. The more ordinary means used to protect iron against 
ihe action of corrosive agents, consist of paints and vamishea. 
These, under the usual circumstances of atmospheric eipomir 




IROIT) 



m 



we of but sliglil efficacy, and require tohi: frequently renowuj 
In water, they are all rapidly destroyed, wilJi llie exception of 
boiled coal-Lar, which, xvhcn laid on hot iron, leaves a bright saa 
BoUd Tarniah of considerable diirabihty and proleclive power. 

2-17. The rapidly increasing purposes to which iron has been 
applied, within the last few y^ars, h&s led to rcaeajchea upon the 
agency of electro-chemical action, as a means of protecting it from 
corrosion, both in air and water. Among the piocesses resorted 
to for thifl purpose, that of zmcking^ ot as it ia more commouly 
known, geunanizin^ iron has been most generally introiiuceu. 
The experinienls of Mr. Mallet, on this process, are decidedly 
against zinc as a permiuienl electro-chemical protector, Mr. 
Mailet states, as the result of his observations, that zinc appbed in 
fusion, in the ordinary manner, over the whole surface of iron, 
will not preserve it longer than about two years ; and tint, so 
soon as oxidation commences at any point of the iron, the prolec- 
tiTe power of the zinc becomes considerably diminished, or even 
entirely null. Mr. Mailet concludes, " On the whole, it may be 
afHrmed that, under all cireumatances, zinc haa not yet been so 
applied to iron, as to rank as an electro-chemical protector to- 
Vards it in Ihe atnct sense ; hitherto it ha£ not become a preven- 
tive, but merely a more or less effective palliative to destruction." 

248. In extending his researches on this subject, with aJloys 
of copper and zinc, and copper and tin, Mr, Madlet foiinJ that tlie 
alloys of (he last metals accelerate the corrosion of iron, when 
voltaically associated willi it in sea water i and that an alloy of 
[be two iU'st, represented by 23Zn + 9C«, !n contact with iron, 
protects it as fully as zinc alone, and suffers but little Eoss from 
the electro-chemical action ; thus presenting a protective en- 
ergy more pennaiient and invariable than that of zinc, and giving 
B nearer approximation to the solution of the problem, " to obtain 
a mode of electro-chemical protection such, that while the iron 
shall be preserved (he protector :shall not be a<cted on, and whose 
ixrotection shall be invariable." 

-249. In the catu'se of bis experiments, Mr. Mallet ascertained 
that the softest gray cast iron bears such a voltaic relation to hard 
bright ca&t iron, when immersed in sea water and voltaically as- 
sociated with it, that although oxidation will not be prevented oq 
either, it will still be greatly retarded on the hard, at the expense 
of the soft iron. 

250. In concluding tlie details of his important researches on 
this subject, Mr. Mallet makes the following Judicious remarks: 
I •' The engineer of obaerront habit will aoon have perceived, that 
ia exposed works in iron, equality of section or scantling, in aU 
|MUta sustaining equal strain, is lar from ensuring equal passive 
power of permanent resistance, unless, in addition to a general 



S3 



BUILDINQ HATERtAta. 



allcrwaiice for loss of substance by corrosion, this laRer element 
be so provided for, lliat it shall be equally balanced over llie whola 
sinicture; or, if not, shall be compelled to confine itself lu por- 
tions of the general structure, which may lose substance nilnoul 
injuring' its stability.'* 

"The principles we have already estHblislnid sofficientiv guide 
US' in the modes of effecting tliia ; regard must r)Ot only be had tofl| 
the contact of dissimilar metals, or of the same in dissimilar fluids^'^B 
but to the scantling of the casting and of its parts, and to the con- 
tact of cast iron with wroiiglit iron or steel., or of one sort of '^^'^^ 
iron with another. Thus, in a suapenston bridge, if the links oflH 
the chains he hammered, and llie pins rolled, the latter, wberff^i 
equaUy exposed, will he eaten away long before the foimcr. In 
marine steam-boilers, the rivets are haniened by hammering untfl^H 
cold ; the plates, tiierefore, are corroded through round the rivctV^I 
before these have suffered sensibly; and in the air-pumps and 
condensers of engines working with sea water, or in pit work, and 
pumps lifting mineralized or 'bad' water from mines, tlie cast'l 
iron perishes first round the holes through which wrought-ii 
bolts, ice, are inserted. And abundant other instances might 
given, showing that Ilie effects here spoken of are in praciic 
operation to an extent that should press the means of counteract- 
ing ihcm on the attention of the engineer." 

251. Since Mr. Mallet's Hcport to the British Association, he 

has invented two processeH for the protection of iron from the «c- 

tion of the atmospliere and of water ; the one by means of a coat- 

ng formed of a triple alloy of zinc, mercury, and sodium, or po- 

lassium ; the other by an amalgam of palladium and merc\iry. 

35S. The first process consists of forming an ahoy of the metal* 
used, in the following manner. To 1292 parts of zinc by weighti 
in a state of fusion, 202 parts of mercury are added, and the 
metals arc well mixed, by stirring with a rod of dry wood, or onft 
of iron coated with clay; sodium, or potassium is next added, in 
small quantities at a time, in tlie proportion of one pound to every 
Ion by weight of the other two metals. The iron to be coated^ 
with this alloy is first cleared of all adhering oxide, by immersinjj^P 
it in a warm dilute solution of sulphuric, or of liydro-chloric adi^^^ 
wasliing it in clear cold water, and detaching all scales, by strikinj{ 
it with a hammer ; it is then scoured clean by the hand with sand, 
or emery, under a small stream of water, until a bright metallic 
lustre is obtained ; while still wet, it is immersed in a balh formed 
of equal parts of Ihc cold saturated solutions of chloride of zinC^ 
and sal-ammoniac, lo which as much more solid sal-ammoniac 
added as the solution will lake up. The iron is allowed to 
main in this balh until it is covered by minute bubbles of gas ; 
is then lEiken out, allowed to drain a few seconds, and phinge 
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into ihe fused alloy, from which it is withdrawn so *<wn, as it naa 
acquired tlie same lenDperalure, When taken from the meuUic 
bath, the iron should be pJunged in cold water and well washed. 

253. Care must be taken that the iron be not kept Ion long in 
the meljiliic balh, otherwise it may be fused, owing to the great 
affinity of the alloy for iron. At Ihe proper fusing temporaturo 
of the allov. about fisO° Fahr., it will dissolve plates of iron one 
eighth of all inch ihi^k it\ a few seconds ; on this account, when- 
ever small arlides of iron have to be protected, the affinity of ihfl 
nlloy for iron sliould be satisfied, by fusing some iron in il before 
•mniersjui^ that to be coated. 

254. The other process, which iias been lermed paJladiumizing, 
consists in coating the iron, prepared as in the first process for 
the reception of uie metallic coat, witli an amalgam of palladiuni 
$jid mercury. 

COPPER. 

255. The most ordinary and useful application of this nieta] in 
constructions, is iJiat of sheet copper, which is used for roof cov- 
erings, and like purposes. Its durability under the ordinary 
chajiges of atmosphere is very great. Sheet copper, when quite 
thin, is apt to be defective, from cracks arising from the procesa 
of drawing il out. These may he remedied, when sheet copper 
is to be Used for a water-tight shcaihinp, by tinning the sheets on 
one side. Sheets prepared in tJiis way have been found to be very 
durable. 

The alloys of copper and zinc, known under the name of brass, 
and those of copper and tin, known as bronze, gun-metal, and 
bell-mctaif are, in some cases, substituted for iron, owing lo their 
JUperior hardness to copper, and being less readily oxidaed than 
iron. 

ZTNC. 

256. This metal is used mostly" in the form of sheets ; and for 
water-light sheathings it has nearly displaced every other kind of 
sheet metal. The pure metallic surface of zinc soon becomes 
covered with a very thin, hard, transparent oxide, which is uii 
changcuble both in «ir and water, and preserves llic metal henealli 
it from farther oxidation. It is tliia property of the oxide of zine, 
which renders ihia metal so valuable for sheathing purposca ; but 
its durability is dependent upon its not being brought into contact 
with iron in the presence of moiglUrC, aS the galvanic action ivhicli 
would (hen ensue, would soon dcslrny the zine. On ihe same 
account zinc should be perfectly free from the presence of iron 
u n very small quantity of Ihe oxide of this last metal when con 
laiued in zinc, is found to occasion its rapid destruction. 
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257. Beai^Iea llifi allays of zinc alreaidy mentioned, this nieti. 
alloyed with copper forms nne of ihe most useful solders; and 
Its alloy with lead has l>C(^n proposed as a cramping metal for 
imiliiig ihe |*arts of iron work logelhcr, or iron work to other niB- 
teriaJs, in die place of laad, 'vvhicli is usually employed for thii 
purpose, but which occelerales the destruction of iron ia cop ttct 
with it. 

TIN. 

SS8. The most useful Jipplication of tin is aa a. coating for* 
nheet rron, or sheet copper : trie alloy which it forms, in this way. 
upon ihe surfaces of the metals in question, preserves them (of 
some time from oxidation. Alloyed with leati it foims one of tbe 
most useful solders. 

LEAD. 

259. Lead in sheets forms a very good and durable roof cover- 
ing, but it ia inferior to both copper and zmc in tenacity an>d 
durability; and is very apt to tear asunder on inclined surfaces., 
particutiirly if covered wjlli other materials, s,s in the case of thd 
capping 01 water-tight arches. 

PAlNXa AND VARNiaHES. 

260. Paints arc mixtures of certain fixed and volatile oils, 
cliicfly those of linseed and turpentine, with several «f the metal 
lie salts and oxides, and other substances which are used either 
as pigments, or to ^ve what is termed a hody to the paint, aad 
also to improve its drying properties. 

261. Faints are mainlv used as protective agems to secure 
wood and mciala from llic destructive action of air and water. 
Tliis they but imperfectly effect, owing to the unstable nature of 
the Otis mat enter into their composition, which are not only de- 
stroyed by ihc very agents against which ihcy are used as pro- 
tectors, but by the chemical changes which result from ilie acticA 
of the elements of the oil upon the metallic salts and oxides, 

262. Paints are more durable in air than in water. In the lat-"' 
let element, wheiiicr fresh or salt, particularly if fold, pamta are- 
soon destroyed by the chemical changes which take place, bolib 
from the action of llie water u).K)n the oils, ajid that of tlic hydro- 
sulphuric acid contained in foul water upon the metallic salts aul 
oxides. 

263. However carefully made or apphed, paints soon becomo 
permeable to water, owing to the very miimte pores which arise 
iirom the* chemical changes in their conatituents, These ehangea 
will have but little influence upon the preservaUve action of paint* 
upon wood exposed Jo the elTecta of the atmosphere, provided tht 
wood be well seasoned before Uic paint is applied, and l' 
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latter be renewed at suitable iniervals of time. On mctalH these 
changes have a very iinportam bearing. The pcnneability of lli« 
paint lo moisture causes the surface of Uie metal under it to mat, 
and this cause of desiruciion is, in most cases, promoicil by llie 

Lchemical changes which the paint undergoes. 

f 264. Varnishes are so!ulions of various resinous substarceB 
in aoivcnls ■wliich possess the property of drying rapidly. They 
are used for the same purposes as pamts, and have generally tliQ 
same defects. 

265. The following are some of the mo^re uati&l compositiona 
ef painta and varnishes. 

White Paint, (for exposed wood.) 

While lead, groand in «il . , .BO 

Bniled oil B 

Raw oil 

Spirits turpentine ^- .... 1 

The white lead to be ground in the oil, and the Bpiiits of tui 
'^}i«ntiD« added. 

Black Paint. 

Lamp-black .... .88 

Litharge .... ,1 

Japan varnish 1 

Linieed oil, boiled 78 

SpiiitH turpectiiiQ I 

Lead Color. 

White lead, ground in oil . . 7B 

Lamp-blick L 

Boiled liiiBeed oil 8S 

Liihafge O.fi 

Js-pan varnish ..... 0.5 

Spirits luT[ieriline ..... B.& 

Qray, or Stone Color, {for fmildiiigs.) 

Whit$ lead ground in oil 

Boiled oil . . . 

RaV oil . 

Spinis of turpentine 

Turkey urober 

Ltrap-blaek 

Lackers for Cast Iron. 

I. — BUok hid, palvenic<l 
Red lead 
Ltth&re« 
I^mp-Dlacb . 
LiaM«d oil 
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9 —Anti-corrosion 40 Bn 

Gnnt's black, grouod in oil . . 4 ** 

Red lead, aa a dryei . . . . t ** 

Linaeed oil < S*^ 

* Spirits turpentine 1 pnL 

Copal Varmsh. 

Gum copal, (in olean lumps) 96>B 

Boiled linseed oil 48.fi 

Spirits turpentine 31 

Japan Varnish. 

Litharge ...... 4 

Boiled oil 87 

Spirits turpentine 8 

Red lead S 

Umber 1 

Gum shellac 6 

Su^r of lead 9 

Wliite vitriol 1 

The proportions of the above compositions are givep *■ lOO 
parts, by weight, with the exception of lacker 2. 

The beautiluL black polish on the Berlin castings for omant<ntal 
purposes, is said to be produced by laying the following compo- 
sition on the hot iron, and then baking it. 

BitnmeD of India O.fi 

Resin 0.5 

Drying oil .1.0 

Copal, or amber varnish .... 1.0 

Enouffh oil of turpentine is to be added to this mixture to make 
it spread. 

266. From experiirients made by Mr. Mallet, on the preBerra- 
tive properties oi paints and vamiBhcs for iron immersed m water, 
it appears that caoutchouc vamiah is the best for iron m hot 
water, and aaphaltum vamiah under all other circumstances ; biU 
that boiled coal-tcir, laid on hot iron, fonns a superior coating to 
either of the foregoing. 

267. Mr. Mallet recommends the following compositions for a 
paint, termed by him zoofagous paint, and a vamiui to be used 
to preserve zincked iron both from corrosion and from fouling in 
sea water. 

Varnish for zincked Iron. 

To 50 lbs. of foreign aaphaltum, melted and boiled in an ixoa 
vessel for tliree or four hours, add 1 6 lbs. of red lead and litha^ 
ground to a fine powder, in equal proportions, with 10 gala, of 
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dryiiiE linseed oil, and bring ihe whole to a nearly boiling tem- 
perature. Mell, in a second vessel. 8 lbs. nf guiii-anim6 ; \q 
which add S gals, of drying linseed oJ! at a boiling heat, wilh 13 
lbs. of caDutcnoiic partially dissolved in coal-tar naphtha. Pour 
ihp conlenls of ihe second vessel into ihe first, and boi! the whole 
^^ently, until the varnish, wh^n taken up between two spatulas, \a 
^Bouna to be tough and ropy. This composKion, when quite cold, 
^Bs to be thinned down for use with from 30 to 36 gala, of spiriti 
^Bpf turpentine, or of coal naphtha. 

^^ 268. It is recommended that the iron should be heated before 
receiving tliis Tarnish, and tliat it shoidd be applied with a apaLula, 
or a fle.Tible slip of horn, instead of the ordinary brush. 

Wlicn dry and hard, it is stated that this varnish is not acted 
upon by any moderately diluted acid, or alkali ; and, by long im- 
merBion in water, it does not form a partially soluble hydrate, as 
is the case with purely resinous varnishes and oil paints. It can 
with difficultj'be removed by a sharp-pointed tool; and is so 
elastic, lliat a plate of iroij covered with it may be benl several 
times before it will become detached. 

Zoofagovs Paint. 

269, To 100 lbs. of a mixture of drying linseed oil, red lead, 
l#ulphate of baryles, and a httle spirits of turpentine, add 20 lbs. 
* the oxychleride of copper, and 3 lbs, of yellow soap 5nd com- 
'mon rosin, in equal proportions, wilh a little water. 

When zinckcd iron is exposed lo the atmosphere alone, the vaj- 

nish is a sufiicient protection for it; but when it is immersed in 

«ea water, and it is desirable, aa in iron ships, to prevent it from 

tfouling, by marine plants and animals attacning ihemsclvCE to it, 

^le paint should be used, on account of its poisonous qualities. 

The paint is applied over the varnish, and i:9 allowed to burden 

se or four days before immersion. 



RESULTS OF EXPERIMENTAL RESEARCHES ON THE. 
STRENGTH OF MATERIALS. 

XtQ. Whatever may be the physical structure of materials, 

'whether fibrous or granular, experiment has shown that tlicy all 

possess certain general properties, among the most imporunl of 

rhich to the engineer are lliosc c^ COtitruCtion, elongation, dc- 

ction, tcn-yioTi, and lateral adhesion, and the resistances whirb 

these ofTer to the forces by which they are called into action.* 

* Ate A'ole D^ Apptndis. 
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of dMse pnoCTlic* Bra derdnped, kwe, witfasi certain liant^ 
taned ifae innib qf dkiika^ tbe propen y of wlioQy arjwmaly 
iw iig iheir oripil «Mb^ wbea the ania is takea ofl. Tin 
pHf<ny it MMlly dcMOMMied ibt 4lmtlic Jtrct, aad Iws foe itt 
maanre, m lbs cue ttf conattiop, or rfawgatimi. the ratio b^ 
nreoilliefbm whidi cvm* ^ one or the odwr of ibeae ««tM 
ind ibc faction whidi uil— ul« the decree of g™t»»«tif, « 

37S. To what eileiit bodies posaeat the properh- of total x*> 
covexy of fonn, when retieT«d from a strain, i& still a matxer of 
doobt It h» been s«teial>T asuntedt ilm the elasttoty of ft 
material does sot Dodez;^ pennanCDt injmy 1^ any stiain Icn 
than aboal one third of tbat wluehwoald entordly defray ite ions 
of cofacnoii, thereby causing niptme. But from the moat reccat 
experimenU on this point nude bv )fr. nodgkinsoo on cast iros, 
it appear that ibc restoring po^er of this mUeiial is desCroveii by 
reiy slieht strains ; and it is, rendered probable ihai this and most 
oliier malerials receiTe a permanent change at faaa, or xef, under ■ 
any strain, however small. 

273. The cilension, or contraction of a »otid, may be efTecied 
either by a force acting in the directioa in which the contraction, 
or elongation takes place, or by one acting Iransiersely, so as 10 
bend the body. £xpenment9 bare hcen made lo ascenato, di- 
rectly, the proportion Detween the amount of contraction, or eloiv 
gation, and the forces by which they are produced. From iheM 
expenments, it results, that the contractions, or elongations are, 
within certain limits, proportional to the forces, hat that an equal 
amount of contraction, or elc^igation, i» not produced by the same 
amount of force. From tlic experiments of Mr, llodgkinson and 
M. Uulcau, it appears, that in cast and malieabk iron the coD- 
tracUon, or elongation, caused by the same amount of prea8ura« 
or tciiaion, is nearly e»iuaJ ; while in nmber, according to Mr. 
Hodgkinson, the arnount of conti^ction is about four HflJia of the 
elongation for t!ie same force, 

274. When a solid of any of the matpriale used in constTUC- 
tiona ia acted upon by a force so aa to produce deflection, expori- 
menl hats .sliown ihiit the fibres, towards the concave side of the 
bent 3ohd arc contracted, while llioae towards tlie convex side 
are elongated ; and thai, between the fibres which are contracted 
and tlioao which are elongated, otiiers are found which have not 
undergone any change of length. The pari of the solid occupied 
by these last fibres has received the name of the neutral line, or 
neutral arts. ^h 

27.'). The hypotheBiH usually adopted, with respect to the c^^| 
comstajtcoa atlciidijig tliis kind of strain, ia that the contractiooi 
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iDid eloncations of the fibres on caili side of tlw neatral axis are 
proportional to their distances from lliis line ; and thai, for slight 
dcrfecUona, tlie neutral %xi3 'passes iJirough the centre of cravity 
of the sectional area. I'rom experiments, however, l>y Mr. Hodg- 
kinsoD and Mr. Barlow, it appears that the neutral axis, in forq;oH 
iron anc! cast iron, lies nearer lo the concave dian to llie convex 
surface of the bent solid, nnd, probably, shifts ila pogition wlien 
the degree of dcfleclion is so great as to cause rupture. In tim- 
ber, According to Mr. BaHow, the neutral aiis lies nearest to tlio 
convex surface ; and, from his eTperimenIs on solids of {orgQil 
iron and limber with a reclanffular seclionai figure, he places ihc 
neutral axis at about three eighihs of [he depth of the sccucm from 
the convex aide in Unib«r, and between one third and one fifth of 
tJie depth of ttie section from ihe concave side in forged iron. 

276. Wh«n llic strain lo which a sohd ia subjected is auRi- 
ciemly great to destroy the cohesion between its particles, and 
cause mptiire, experiment has shown that the force producing 
tHs effect, whether it act by tension, so ad to draw the fibre? 
asunder, or by compression, to crush them, is proportional to llic 
Mctional area of tlie solid. The meaiure, therefore, of tiic rc- 

irtance offered by a solid lo nipture, in cither of lliese cases, i.'* 
it force which will rupture a seeiional area of die solid rcprc 
ented by unity. 

277. From ciperiments made to ascertain ihe circumstances 
of nipture by a tonaile force, it appears thai the eoLd torn apart 
exiiibits n surface of fracture more or less even, according to iJie 
nature of the malerial. 

2TS. Most of the experiments on the resistance to niplnre 
^by compression, have been made on small cubical blocks, and 
^ftsve given a measure of this resistance greater than can be de- 
^Bcndetl upon in practical applications, when the height of tlic 
Hpolid exceeds three rimes the radius of ils base. This poirit has 
^■oecn very fully elucidated in the cxpcrimenls of Mr. Hodg- 
kinsnn upon the rupture by compression of solids witli circular 
and rectangular bases. Thcae e.tperimenia go to prove, that tj»e 
circumstances of rupture, and llic resistance offered by the solid, 
in a constajit manner with its height, tJie base remaining the 
le. In columns of cast iron, with circular sectional areas, il 
found thai the resislance remained constant for a height less 
lian three times the radiua of the base ; that, from this height to 
cme equal lo six times the radius of the base, tlie resistance still 
remained coosiant, but vnts less than in the former case ; atiG 
ihat, for any height greater, than six times the ntdius of ihc base, 
ihe resistance decreased with tiie height. In the two fiisi cJises 
the Bolids vrere fouod to yield citlier by the upper portion shding 
off upon the lower, in the direction of a plane making a coiisbuU 
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uiigle with Ilie axis of Uie soUd - or else by separating into c«v-' 
ctkl, or wcdge-sliiiped blocks, having the upper and lower aui&Gcf 
of the solid as their bases, ihc angle at the apex being double ibal 
made by die plane and axid of tlie solid. With regard to the »■ 
Aistanccs, il was fLtmd diat they vancd in the ratio nf the area of 
the hages of die &ohd&. Where th« height of Uic solid wasfrealei 
ihatl six lilnCa tbc radius of ihc bate, rupture generally Look olaca 
by bending. 

279. From experinients by Mr. Hodgkinaon, on wood Uiil 
other substances, it would appear that like circuinalances acconn 
jiuisy the rupture of all matenals by compression ; ibat is, vhthu 
certain limits, they all yield by an oblique surface of fracture, llie 
angle of which with the axis of the solid is constant for the same 
HiatL-nal ; and tliat llie resistances offered witliin Uieae limilfl arc 
proportionu! la (he areas of the bases. 

280. Among the most interesting dediictions drawn by Mr 
J [(Kigkiiison, from llic wide range of his experunents upon the 
jitrcngth of materials, is the CHie which points to tiie exiaiejice 
of a constant relation between tlic resistances offered hy materiali 
of Uie same kind to rupture from compression, tension, and 8 
tnuiKversc strain. The following Table gives these relations, 
osauming llie measure of the crusliJiig force at 1000. 



mtciiiTiaii or HtTiRUi.. 



CnnblDf Ibnw pnlMann leadls rnn» 
■qqarc Lacb. J pur ■qiurc Iflicb, 



Ho>D IIUMTMM turn 

oftlmt 1 int% iqiwn 
luwl 1 foot IvQM- 



Timber .... 
Cast LroR .... 

Stone 

GluB, (pi kid a^ai crown} 



lOOO 
lOffO 
lOOO 



IDOO 

155 

too 

133 



65.1 

19.S 
0.8 
10 



4 



281. Strengtb of Stoke. The marked difference in 
slruciure, and in die proportions of the component elenienis fee* 
iiueiiUy observed 10 sitme from Uie same cjuarr)-, would lead Uj 
the conclusion lliat corresponding yariationa would be found in 
the strength of stones belonging to tlie Siame class; a conclusion 
which ei[>eriment has confirmed. The esperimcnls made by 
different indiriduals on litis subject, from not having been con- 
ducted in llie saint maimer, and from llie omission in most caM* 
of details respecting the stniclurc aiid component elements of the 
iiialcrial iricd, have, in aonic iiistanceg, led to contradictory re- 
sullH, A few facts, however, of a genera! character iiave been 
ascertained, which may serve as guides in ordinary cases ; but 
in important structures, where heavy pressures are to be sus- 
tained, direct experiment is the only safe course for the ciigineei 
to follow, in selecting a material from untried quarries. 
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S82- Owing lo tlie ease wiih whicU stones generally br«ak 
under a percussive force, and from the coraparalively afiglit re- 
sistance llicy offer to a tensile force, and to a. IrariBverse ^Iraim, 
they are seldom aubmiilod in slmctiircs to any otliL^r strain than 
one of c-ompresaion ; and cases but rarely occur where this strain 
19 not greatly beneath tliat which the better class of biiiltiing 
Bloncs cAJi sustain permanently, without Undergoing any clumge 
in their physical properties. Wliere the durabihty of tlic stone. 
UicMfore, 13 well ascertained, it may be safely used without a rp 
sort to any specific experiment upon its strength, whenever, in 
its structure and general appearance, it resembles a material of 
Uie same class known to btv good. 

283. The following Table exliibits the principal results of ex- 
periments made by Mr- G. Ucnnie, and pubUshed in the Philo- 
sophical Transactions of ItiiS. The atones tried were in aniall 
cubes, measuring one and a half inches on the edge. The table 
- jBJOs the pressure, in tons, borne by each superficial inch of the 
le at the mocaent of crusliing. 
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Spec, psvtiy, Creiliiui v>|M. 



Granite J. 



Aberdeen, (6/u«) 
Peter li«ad 

Coiawatl 



Sand-tlpntt. 



Dundee 

Dfl 

Dnby,{redanitfriailt) 

Lime-sloner. 

Marble, (while-veined Jlahan) . 

Do. [^lefiile Brahani) 
'L\mena\i.(hlar.krDm]iacl) 
Devoniibir>e, (red marble) . 
PoiLl&nd slone, ijine-graijud nolile) 



3.530 
3.506 
S.31G 



31.736 
2.6i)7 
2.598 

9.4S8 



4.63 
3.70 
3.83 



a. 66 

2,70 
I. -10 



The follo^ving results are taken from a aeries of experiments 
made under the direction of Messrs. Bramah & Sons, and pub- 
lished in V</1. 1, Transactions of th<f Institution of Civil En- 
fineers. The first column of numbers gives tlie weights, in tons. 
ome bv each superiicia! inch when llie stones commenced to 
fracture ; ihc second column gives the crushuig weight, in toiis^ 
on tlie same surface. 



7S 



BHILDINO MATKEUiA. 



DiicsimoR or nam. 



Granitet. 



Herme . 
Aberdeen, {Uue) 
HeytoT . 
Dartmoor 
Peterhead, {red) 
Peterhead, (i/ue gray) 



Sand-ttontM. 



Yorkshire 
Craigleith 
Humbic 
Whitby . 



Ant. ural^l |ai>- 
dacknf btttaita. 



4.77 
4.13 
3.94 
S.63 

3.B8 
3.66 



3.87 
1.89 
1.69 
1.00 



•nricki. 



8.64 
4.M 
6.19 
6.48 
4.88 
1.30. 



3.94 
3.97 

8.oe 

1.06 



The following Table is taken from one published in Vol. % 
Civil Engineer and Architect's Journal, whicli forms a part of 
the Report on ihe subject of selecting stone for the New Houses 
of Parliament. The specimens submitted to experiment weze 
cubical blocks measuring two inches on an edge. 



naiciimon of itomi. 



9pecUlc (laTity. 



Wel|hl pndo- 
clii( ftscmn. 



Cnublai w*^U 



^and-ttone*. 



Craigleith 

Darley Dale 

Heddon .... 

Kenton . 

Mansfield .... 

Magntsian Lime-ttonet. 

BoIaoTer .... 
Huddlcstone 
Roach Abbey . 
Park Nook 



3.332 
3.628 
3.239 
3.247 
3.338 



2.316 
3.147 
2.134 
2.138 



OoUta. 



AncBBter . 
Bath Box . 
Portland . 
Ketton 



2.162 
1.639 
2.145 
8.045 



lAme-ttones. 



Bamack . 
Chilmsrk, {siiictout) 
HamhiU . 



S.OOO 
3.481 
8.360 



1.89 
3.76 
0.83 
1.61 
0.88 



3.31 
1.03 
0.75 
0.33 



0.76 
0.56 
0.96 
0.69 



0.60 
1.33 
0.69 



3.6 

3.1 

1.76 

8.91 

1.64 



S.7S 
1.98 
1.73 
1.S9 



1.04 
0.66 
1.76 
1.18 



0.79 
3.19 
1.80 



The numbers of the first column give the specific gravitieb 
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those in the second column the weight in tons on a square incli, 
vhen ihc stone conini^riced to liacturc ; and ihusc in llie third 
the crushing weight on a square inch. 

Tlie following Table exhiiuts ilie reenlts of experiments on ihtt 
resisiance of atone to a transverse s/rain, made by Colonel Paaley, 
on prisms 4 indi€3 long, the cross eeclion being ti square of 2 
inches on a side ; the distance between the points of support 
3 inches. 



maeuPTuiir or itokb. 


Weight nr iHne 
wi tutilc fool 
IuIIh. 


vtviBbt In iUi, 


I. Kenllsh Ra^ 


166.69 


46Si 


2. Yorkshire LanJing 


147.87 


288T 


3. Caiaish gninile . 


173.24 


38QS 


4. PonUod , . . . 


148. US 


assa 


5. Craigleilh ...... 


144.47 


isua 


B. Baih ....... 


isa.68 


am 


7. Weii. burned bTicks .... 


61.71 


752 


B. Inferior tiricka 


— 


339 



284. The conductors of the csperinncnts on tlie Btoiie for the 

New Houses of Parliament, Messrs. ])anieU anil WKealstone, 
who aiso made a chemical aixalysis of Ihc alorseSf atid applied to 
ihem Brard's process for testing their resistance to frost, have 
appended tiie following conclusions from their exncriniGiita : — 
" If the stones he divided into classes, according to tlicir chemica] 
cohiposition, it will Le found that in all stones of die &amc class 
there exists generally a close relation between their various phy- 
sical qualities. Thus it will be observed that the specinion which 
has the greatest specific gravity possesses the greatest cohtsive 
strength, absorbs the least (pmnlily of water, and disintegrates 
the Itast by the process which imilalca llie effects of weather- 
X comparison of all the experiincnts shows this lo be tlie general 

• rule, thoueh it is liable to individual exceptions." 
"But inia wUl not enable us to compare stones of different 
classes together. The sand-alones absorb tlie least quantity of 
water, but they disintegrate more thanlho magnesian lime-stones, 
which, considering llieir compactness, absorb a great deal." 

285. Rondelcl, from a numerous scries of experiments on the 
Same subject, published in his work, Art de BAHr, has amved 
at like conclusions with regard to the relations between the 
specific gravity and strengtii of stones belonging to tJie siimo 

K class. 
286. Among the results of the more recent ciperimcnts on this 
tubjecl, those obtained by Mr. Hodgkiitaon, sho'WiQg the relatioo 
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between the crushing, the tensile, and the Uansrene strength of 
stone, have abeady been given. 

M. Vicat, in a memoir on the same subject, published in the 
Annates des Fonts et Chaussies, 1833, has airived at an opposite 
conclusion from Mr. Hodgkinson, stating, as the results of bis 
experiments, that no constant relation exists between the ctusIh 
ing and tensile strength of stone in general, and that there is no 
other means of determining these two forces, but by direct ex- 
periment ill each case. 

287. The influence of form on the strength of stone, and the 
circumalanccB attending the rupture of hard and soft stones, have 
been made the subject of particular experiments by Rondelet and 
Vicat. Their experiments agree in establishing the points that 
the crushing weight is in proportion to the area of the base. 
Vicat states, more generally, that the pennanent weights borne 
by similar sohds of stone, under like circumstances, will be as 
the squares of their homologous sides. These two authors agree 
on the point that the circular form of the base is the most favor- 
able to strength. They differ on most other points, and particu- 
larly on tlic manner in which the different kinds of stone yield by 
rupture. 

288. Practical Deductions. Were stones placed under the 
same circumstances in structures as in the experiments made to 
ascertain their strength, there would be no difficulty in assigning 
what fractional part of llie weight which, in tlie comparatively 
short period usually given to an experiment, will crush them, 
could be borne by iFiem permanently with safety. But, in- 
dependently of the accidental causes of destruction to which 
structures are exposed, imperfections in tlie material itself, as 
well as careless workmanship, from which it is often placed 
iu the most unfavorable circumstances of resistance, require to 
be guarded against. M V'icat, in tlie memoir before-rncntioned, 
slates ilidl a permanent dtrain of f\% of the crushing force of ex- 
piiiiiieiil, may be borne by stone without danger of impairing its 
eoliesLvir sireiiglh, provided it be placed under the most favorable 
ciicuiiLsiaiices of resistance. This fraction of the crushing weight 
of f.vpeiiment is greater than ordinary circumstances would jus- 
lily, and it is ri'commended in practice not to submit any stone 
lu .1 yieuier pcniiiuioiit strain than one tenth of the crushing weight 
of expeiiiueais made on small cubes measuring about two inches 
uii ;m edge, 

The iolluwing Table shows the pennanent strain, and crushing 
\ieuht, foi- a. sijuiuo foot of the stones in some of the most re 
ludj^able slruciui'es in Europe. 
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of casce ; and ihcy fumisJi llie c^ngincer with the most relJabU 

guides ill this imporlanl branch of hia an. 

SXfl. The usual method of conduciing these exporiments ha* 
been to subject email rectangiila.r prisms of mortar, replmg on 
points, of support at their extremilies., to a transversal strain ap- 
plied al the centre point between the bearings. This, perhaps, 
IS as uneicepiionable and convenient a meihod as can be followed 
for testirfl; ihe comparative strength of mortars. 

2tt2. ft. Vicat< in the work already cited, gives tlie following 
as the average resistances on ihe square inch oiTcred by mortars 
to a force ot traction ', the deductions bemg drawn from eipcn- 
meols on ihe resistance to a transversal strain. 



Mortars ofvecy strong h^dnmUc linic 


170 pouodff 


" ordinBTj do. 


140 '• 


" meilium dp. 


100 " 


" commoD limfi 


40 " 


** do. (N>d <]iiaJ)ty) 


10 '* 



These cAperimenta wore made upon prisms a year old, wliidi 
had been exposed to the ordinary changes of we-allier. With re- 
gard to the best hydriUubc mortars of lie same age whi(^i had 
been, during that same period, either immersed in water, or 
buried in a damp position, M. V'icai slates tliai their average 
tenacity may be cslminlcd at 140 pounds on the fi<{Uarc inch. 

293. General Treussarl, m his work ou hydraulic ajid common 
mortars, has given in detail a large number of experiments on the 
transversal strcnglli of anifieia! liydrauhc mortars, made by sub- 
milling small rectangular parallelepipeds of mortar six incites in 
lengths and Lwo inches square, to a transversal strain applied at 
the centre point between (he bearings, which were four inches 
apart. From liicsc experiments he deduces the following prac- 
tical conclusions. 

That when the parallel opipeds sustain a iransversa! strain Tary- 
ing between 220 and 330 pounda, the correspoudiny mortar will 
be suilable for common gross musoiu'y; bul that lor imponant 
hydrauhc works the parallelopipedft should sugtain, before yield 
iIlg^ from 330 to 440 pounds. 

2!?4. The only published experiments on this aubjecl made in 
this country arc those of Colonel Totteii, appended to his transla- 
tion of General Treussan's work. The results of these cxperi- 
nents are of peculiar value to the American engineer, as they 
were made upon matenals in very general use on the public 
works throughout the country. 

From these- cxpcrimcnta Colonel Totlen deduces the following 
general results : 

Ist. That mortar of hydraulic cemctU and sand ia Uic slrongei 
and liardcr as liie quantity of aand is teas. 
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Sd. Tliat commoTi monai' \b the stronger and harder as llie 
qiiuitjty of sand is less. 

Sd. That any addiuora of common lime to a mortar of liydmulic 
ceiiii^nl and sand weakens tlie mortar, but tliat a little lime inaf 
b« added witJiout any considerable diuiinulion of the strenglh oJ 
the mortar, and with a saving of expense, 

»4lh. The strcnglh of common inortara ia considerably improved 
liy the addition oian arlifiaEil puzzolaita, but more so by the &d< 
dition of an hydraulic cement. 

5th. Fine sand geoexdly gives a stronger mortar than coane 
Maui. 

6tb- Lime alaltcd by sprinkling gave better results than lime 
slakeil by drowning. A few eiperimenta made on air-slaked linwt 
were unfavorable to ibat mode of slaking. 

7th. Both hydraulic and common mortar yielded better reaulta 
when made with a small quantity of wat&r than when made thin. 

|8ih. Mortar made in the mortar-mili was ioMnd to be superior 
to that mixed in, tlie usual way with a hoe, 
9th, Frcah water gave belter reaitlts than salt water. 
295. Strbmcth of Cosceete and Beton. From experiments 
insdc on concrete, prepared according to the most approved pro- 
cess IQ Englatid, by Culonel Pasley, it appears that this malcrial 
is very inferior in strength to good brick, and ihc weaker kinds 
of natural stones. 

Fiom experiments made by Colonel Toltcn or beton, the foU 
' lowing conclusions are drawn ; 

■ That beton made of a mortar composed of hydraulic cement, 
V common lime, and sand, or of a mortar of hydraidic cement and 
I Band, without lime, was the stronger as tlic quantity of sand was 
the smaller. But there may be 0.50 of sand, anu 0.23 of com- 
mon lime, without sensible deterioration ; and as much as 1.00 of 
■ Band, and 0.S& of lime, without great loss of strength. 
Beton made with jusl sulficient mortar lo ill) ihc void apacei 
between the firagnienls of stone was found lo be less strong than 
that made with double this bulk of mortar. But Colonel Tottcn 
remarks, tlial this result is perhaps attributable to the difficulty 
of caufibig so small a quantity of mortar to penetrate the voids, 
and unite all the fragments perfectly, in experiments made on a 
small scale. 

The sirongeat beton was obtained by using quite small fnig- 

tneats of brick, and the weakest from small, rounded, stone gravel. 

A beton formed by pnuririg grout among fragments of stone, or 

brick, was inferior in Gtrengtn to that made in the usual way witli 

^ «tOTtar. 

B Comparing the strength of the bclons on which the expert- 
W ments were made, which were eight months old when tried, witi 
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thai of a. BBinpIe of nNml red mm\ TTnw at good qiuEty, it ap 
pears thai ibe a tton gm phnai of bcloa «at odIt half as nronji 
a« the Bsod-MoDi:. 

296. Stkehgth or Tqosk. A iride laoge of experiments 
has been made on the tvmtaoot tt lioiber lo con^iressioD, ez- 
tension, and a transrerM slzain, r"**'*'"g verr nnabJe resuhs 
Among the most nct^U siod wlucfa «iiiiud uw greatest confi- 
dence {rom the ability of their mtbon, are dioBe of Professor 
Bsriow and Mr. Hod^dnuo : the fanner on the renstsnc« tn 
extension and a transmae smin; tlie latter an that to com- 
pression. 

297. Rtsi$t^mec to E^eiuion. The fbUowing Tsble exhibits 
the specific giBTity, and the mean renslance per isquare inch of 
vahotis kind* of liinber, from ifae experimests of ProL Barlow. 



I 


1 


sBBcnmoa or nntft. ] a«tic ^t. 


wbnkm pcz 






•qou* laelL 


A>h.(£wfuA) . . . . 


o.76n 


17000 


Beech, do. 










0.7rA 


11500 


Box . . . 










1.000 


20000 


Seal, {Chritliana) 










frusta 


IIUOO 


So. (Memtl 










0.690 


llooo 


Elm . . . ■ 










0.M0 


fi7H0 


Fir, (iVeip Engiand) 










0.S50 


130O0 


Do. (Riga) . . 










0.750 


12600 


Do, {Mar FvTtit) 










0.700 


12000 


La.rch. {S(cult) . 










O.MO 


7000 1 


Li>cuat 










0.950 


30AS0 


Ma>ic)^aii7 . . 










0.637 


BOOO 


Norway spaia 










0.580 


13000 


Oak, {Engiuhi . 






from 
( to 


0.700 

O.IK}0 


0000 
15000 


Do. (African) 






a • I 


0.980 


14400 


■ So. {A<iriati4>) , 










0.990 


14000 


Do. {Canadian . 










0.679 


13000 


So. (Ainlnc) . 










0.780 


l-l^OO 


Pe« . 










0.64S 


9800 


PfkUl . 










0.000 


14000 


Pine, irilth) 

Do. (rtd) . 










0.660 


10500 










0.600 


10000 


Teik . 










0.T50 


IMWO 



S98. But few direct experiments have been made upon the 
elon^tiotig of limber from a strain in the direction of the fibres 
From some made in France by MM. Minard and Deaonnea, it 
vrould appear that bars of oak having b sectional area of one 
square i 'ich, will be elong:itcd .001 1 76 of llieir length by a strain 
otow ton. 




STRENGTH OF MATERIALS. 

299. Resistance to Compression. The following Table ci- 
aibils llie resulls obtained by Mr. Hodgkinson from exfcrimeiils 

11 ahwrt cylinders of timber with flat enda. The diameter of 
each cyltnaer was one inch, and iu height two inches. The re- 
sults, in the first coIureiT!, are a mean from about three experiments 
ou Umber moderately dry, being such as is used for makina 

lodels for castings ; those in tlm second column were obtaineo, 
a like manner, from similar specimens, ivliich were turned and 

tepi dry in a warm jikce two months longer. A comparison of 
'llic results in tlie two coluronji, shows the efi'ect of drying on the 
slren^ of timber ; wet timber not having half the slrcnglli of 
the some when diy. The circumstances of niplure were tlie 
same as already stated in the general obsen-ations under this 
head; llie height of the wedge which would slide off in tim- 
ber bfing about half the diameter, or tliickncss of the speciuien 
crushed. 



DMCWfTUP or wa«ip 




Alder 

A«h 

Baywood .... 
BMch ... 1 

Birch, {Amrriciaii 
Do. ^EngiUk) . 
Cedai .... 

C«b 

Red doil .... 
White deal. 

BIdei 

Kim 

Pir. {rprvct) , 

HorotwBin .... 
Maho^ny .... 

Do. lExgiUh) . 
\ta. {Daatzie, very drji) • 
Pine, ipileh) 

Do, (j/eliowtfull ■•ftUTjimtine) 
Do, {rtd) .... 
Poplar . . , ■ . 

Plum, {vet) 
Do. (i/ry) 
Sjri^unore .... 

Te«k 

Idrati, {/•lien two mmlh*) . 
Wftlniu .... 
Willow .... 
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mside a nunober of invaluable experiments on the etrength of 
pillars of timber, and of columns of iron and steel, and from 

tlicin ha3 deduced formula for calculating ihe pressure which 
lliey will support before breaking. The exMrirnenls on '.imber 
were raadc on pillara with flat ende. The foltowing are the for- 
niul« fmm which their airengih may be esiiinaied. 
Calhng the breaking weight in lbs. W. 

" the Bide of the square base in inches d. 
" the length of iho pillar in feet L 
Then for long columns of oak, in which th* side of llie squa^ 
base is less than ^'ytli the height of the column ; 

W^ = 24542 



and for red deal, 



Sy= 17511 



P' 



For shorter pillars, where the ratio between their lliickness and 
height is auch that they still yield by bending, the strength is es- 
timated by the following formula : 

Calling the weight calculated from either of the preceding for* 
inulee, W. 

Calling the crushing weight, as estimated from the pt««diiig 
Table, ir. 

Calling the breaking weight in lbs., W". 

Then the formula for tlie Blrenglh is 

WW 

In each of the preceding formulffi d must be talten in inches, 
and / in feet, 

301. lieJ/istdTtce to Transverse Strains. As timber, from the 
purposes to which it is applied, is for the most part exposed to a 
transverse strain, the far greaternumber of experiments liaTe been 
made to ascertain the relationa between the strain, the deflection 
caused by it, and tlie linear dimensions of the piece subjected 
to the Htrain. These rclationa have been made the subject of 
mathematical investigations, founded upon data derived from ex- 
periment, which will be given in the AprENDix. The following 
Table exhibits the results of experiments made upon beams having 
ft rectangular sectional area, which were laid norizontally upon i 
supports at their ends, and subjected to a strain applied at the 
middle point between the supports, in a vertical direcHon. 

For a more convenient application of the formulie to the results 
of the experiments, the notation adopted in the preceding An 
will be here given. 
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Ci.1 the tranaTcrw force necessary lo breaJi tlic beam in lbs., "W 
" Uie distajsce bclvrceii the siipjiorts in inciies, l. 
" ihe horiEuntal breaiith of llie aectional area in ioches, h. 
" the vertical depili " " " d. 

*' the deflection arising {rota a. weight w in inches,/. 



1 


Table of Experiments with the foregoing 


Nutation, 


1 
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302. Resistance to Detrvsioti. From the cxpCTinienls of Prof. 
Bartow, it appears that the reBtstanco oflcred by ihe lateral adlic- 
won of ihc hbrea of fir, to a force itcliiig in a direction parallel la. 
ibe fibres, may be cslinialed at 592 lbs. per square inch. 

tMr. Tredgold gives llic following as the results of esperimenta 
n the resieiance offered by adhesion lo a force applied perpen- 
iculsxly to the fibres to tear ihem asunder. 



0«k • • 3316 lbs. per siiuaT« inolb 
Poplar - . 1783 " 
Lwch, 970 lo 1700 " 



903. Stbength OP Cast IitoN. The most recent experimenls 
cm the slrengtli of this material arc those of Mr. Hodgkin»on, 
Tho »e, particuiarlyf made by him on the subject of llic strength 
imaa, and the most suitable form of caat-iroa heama to sus* 
tiansveraai strain, have supphcd the engiaeer and architect 
Uie most valuable guide in adapting this inatcha.1 to the 
nous purposes of striicliires. 
304. Resistance to Exlension. From a few experiments made 
by Mr. Rcnnie and Captain Brown, the teiisiie strength of cast 
iron varies from 7 to 9 ions per square iach. 

The e.iperunenla of Mr. Hodgkinson upon botli hot and cold 
blast iron give the tensile strength from U to 9| tons per square 
inch. 

From some experiments made oil American cast iron, under 
the direciian of Ihc Fraakbn Institute, the mean leueilc stiength 
is S0834 Iba., or 9| tons per square inch. 

80S. Resistance lo Compression. The general circumstancei 
tCtctxling die rupture of llud material by cotnpressioui drawn front 

11 
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be experiments ol Mr. Hodgkinson, liave already been giTen 
The aiigte of ihe weJge resulling frivm Uic rupture is about 55". 

The mean crushing wt'ight derived from cxperimenls upar 
ahort cylindcTs of liol blasi iron was 121,685 lbs., or 54 tons 6} 
cwl. per square inch. 

That on short prisms of llie same, with square "bases, 100.733 
lbs., or 44 tons lOf cwl. per square inch. 

That on short cylinders of cold blast iron waa 125,403 lbs., oi 
55 tons IQj cwt, per square incii. 

That on short prisms of the same, hafing other regular figures 
fjr |}ieir bases, waa 100,631 ibs,, or 44 tons 18^ cwt. per square 
inch. 

Mr. Hodgkinson remarks willi respect to the forma of base 
■differing from llie circle : "In the other forms the difference of ^M 
atrcngUi ia but little ; and therefore wc may perhaps admit thai ^M 
difference of form of aeclion lias no influence upon tlic power of 
a short prism to bear a erustijng force." 

In rcmaikitif; on the circumstances allcndLng the rupture, Mr. 
^Hodgkinson farther observes: "We may aasume, therefore,^™ 
iridtoiit aasignubic error, that in ihe crushing uf aliort iron prisma ^| 
of various forms, longer llian tlic wcJge, the angle of fracture will 
be tlic saliii^. This simpk assuniptioti, if adriutted, Would prove 
at once, not only in this material, but ni others which break in the 
Bame manner, the proporlianaUiy of llie crushing force in different 
forms lo llie area ; since the area of fracture would always be 
equal lo the direct transverse area multiplied by a constant quan- 
tity dependent upon tJie material." 

Table exhibiting the Ratio of the Tensile to the Compressit>*\ 
Forces in Cast Iron, from Mr. ffodgkinson's Experiments. 



DtmiFnait or kital. 



D«'faii iron. No. 3- Hot bUal 
Buffery iron, No. 1. HotbUst 
Do. " ColJ blaal 

Coed-TAleniroii,No.2, Hut blaai 
Do. ■' ColdbUM 

Carron. iron, \o.S. Huthllast 



Oarran inra, 



" Culd Waal 

No. 3. Hoi blut 

" Co! J blofli 



|wr iquui: inch. 



145,433 

86,397 

113,385 

82,734 

a 1.770 

IOB.M>U 

10fl,375 

133,440 

115,44^ 



Tenill* tint fm 
■quuQ lacb 



21,907 
13,434 
IT.lBfl 
14,676 
IS, 655 
13,505 

17,755 
14,^00 



B«ilo. 



fi.B36 . 
6.431 
5.34S 
4.061 
4.337 : 
e.037 , 
6.376 : 
7.515 
6.139 . 



306. Resistance of Cylindrical Columns. The experiments 
under lliis head were made upon solid and hollow columns, both 
ends of which were either fliu or rounded, tixed or Ioore,^ or ona 
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3 flat and the other rounded. In the case of colunma with 
[ounded ends, llie pressure was applied in the direction of the 
kxis of the column. 

The following eitractu are madG from Mr. Hodgkinson's paper 
on this subject, published in the Report of the British Association 
^ b/ 1640. 

^B " t si. In all tang pillars of the iume dimensions, ihe resistance 
^"to crashing by flesure is about three times greater when tlie ends 
of ihe pillars are flat, than when ihey are rounded, 

" 2d. The slrcngtli of a pillar, with one end rounded and the 
tilhcr flnt, is the arithmoiical mean between that of a pillar of the 
eame dimensions with both ends round, and one with both ends 
flat. Thus, of tliree cvlmdrical jullars, all of Uie Eame length 

■ ^nd diameter, the lirst having both its ends rounded, the second 
with ont end rounded and one flat) and the third with both ends 
fiat, the strengths are as 1,3, 3, nearly. 

"3d. A long, uniform, cast-iron pillar, with its ends firmly 
fixed, whether by means of discs or olfaerwiae, has the eaiiic 

i power to resist breaking ss a pillar of the saine diameter, and 
ittlf liic length, with the ends rounded or turned so that the force 
would pass through the axis. 
'Mill. The experiments show that some additional stren^i la 
given lo a pillar by enlarging its diameter In die middle part i this 
increase docB not, however, appear lo be more than one seventh, 
CI one eighth of the breaking weight. 
"Stli. The index of the power of the diameter to which the 
ttrenglh of long pillars with rounded ends is proportional, is 3.76 
nearly, and 3.55 in those with flnt ends, as appeared from the re- 
sults of a great number of experiments ; or the suength of both 
may be taken as the 3.6 power of the diameter nearly. 

" 6lh. In pillars of the same thickness, the strength is inTCrsely 
proportional to the 1.7 power of the length nearly^ 

• "Thus the stren^ of a solid pillar with rouniled ends, the 
diameter of which is d, and llie length i, is as -p^." 

"The absolute acrcngth of solid pillars, as appeared from 'he 
expenments, arc nearly as below. 

I In pillars with rounded ends, 
Strength in tons — 14.9 -^. 
Id pillars with flat ends, 
Slrengtli in tons = 44.16 j^. 
In liollow pillars nearly the same laws were found lo obtain ; 
bui^ if D and d be the external and internal diameters of a pitUr 
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Resuli$ of experiments, by tfie same, on the tramverse strength oj 
cold blast iron; length of bars, and distartce between ihepoinU 
of support the same as in the preceding Table. 
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312. The following reraarka are extracted from the same Re- 
port: "I had remarked, in some of the experiments, that tJie 
elasticity of the bars waa injured much earlier llian is generally 
conceived ; and that instead of its remuiniiig perfect till one tliird, 
or upwards, of the breaking weight was laid on, aa is generally 
adtnitled by writers, it was evident llial |th, or less, produced ill 
some cases a considerable set or defect ol elasticity ; and jvidgtog 
from its slow increase afterwards, I was persuaded thai it tiad no! 
come on by a sudden change, but had existed, lliougli in a leas 
degree, from a very early period." 

" From what has been stated above, deduced frora eiperiinents 
made with great care, it is evident that the maxim of loading 
bodies within the elastic Hmil, has no foundation in nature ; but 
il will be considered as a compensating fact, that materials wilj 
bear for an indefinite period a much grealer load tlian has hitherto 
neen conceivoi." 

313. "We may admit," from tlic mean results, "that ihd 
strength of rectangular bars is as tlie square of the depth." 
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31+. Effects of time upnn the dejleetiana catised bt/ a pcnna- 
\lKril lowl ait the middle of horizontal hars. 

Tlic following Table exhibils ihc results of Mr, Fairhairn's ex- 
periments on Ihis point. The PXporiiiiniils were madii on bara 
5 feet long, 1.05 inch ticcp; the one of cold blast iroa, 1.03 inch 
'•roid ; the other of hot blast, l.Ol brond ; distinice between thc^ 
(juints of support 4 feet 6 inches. The constant weight sua- 
jwndeJ at liie centre of the bars was 281) lbs. This wicigJil re 
maincd on from iMarch lltli, IS37, to June Q3d, 1688. 



CoUhlMllnii, 
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Temp. 
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S15. Mr. Fairbaim in his Report remarks on tlie above and 

pike results : " The hot blast bar jn these experiments being more 

Jctltcled ihan the cold blast, itidicalcs liiat tlio particles are more 

jxtendcd and compressed in llie former iron, willi the same 

feight, than in the laller. This excess of deflection may in some 

degree account for the rapidity of increase, which it will be obacrved 

consideraMy greater in the hot ihan in lliecold blast bar." 

" II agipears ^oni the present state of the bars, [which indicate 

"a slow but progressive increase in the deflections,) tliat we iiiiisl 

I at some ficriod arrive at a point beyond their bearing powers ; or 
Ollier«ise to thai position whicfi indicates a correct adjustment 
of the panicles in efjuilibriiiin with the load. Which of'^ the two 
boinis wc have in this instance fittaiiicd is diffii;ull to dclcrmine : 
puflicient dala, however, are adduced lo shou' that the weights 
krc conaidernhly beyond the elastic limit, and tlial cast iron will 
support loads to an extent boyoiul what lias usually been consid- 
ered safe, or beyond thai point where a permanent stH takes place." 
^K 31 G. Efff^rfs of Temjieraturf. Mr. Fairbaim remarks : "The 
^Bnfusioii of heat into a metallic substance may render it more 
diiclile, and probably less rigid in its nature; and I apprehend it 
^jarill be found weaker, and less secure under tlie effects uf heavy 
^Btnia. This is observable to a considerable extent in the cxpen- 
^Hnentft" on transverse slreiigtli " ranging from 26* up lo 1 90° FaJir." 
H^ •' The cold blast at 2(3" and 190", is in j^lrciiglh as 874 : 74;i, 
" The hot blast at 2fi" and 190^, is in alrengtli as fill : 731, 
being a riiminuiioii in strength as 100 : 85 for Uie cold blast, and 
10(> to 90 for tliu hot blast, or 15 per cent, loss of strcngCh inllis 
told blaBl, and 111 iicr cent, in the hot blast." 
** A uumbci of Uic experiments ntadc on No. 3 iron have givet 
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iiiig Table, witli ilie exception of tlie total depth CD, which, in 
these last two esperimenta, was 2.27 incites, or a little more, 

318. The object had in view hy Mr. Hudgkinson, in the ex- 
periments rcconied in the two preceding Tables, wast'wofold; 
LJie one to ascertain the circiimslanccs under which a permaneiil 
set, or injury to clasiicily takes place ; (he other to ascertain the 
cITccl of the form of cross scctiun on tlie transverse atrojigth of 
cast iron. The fallowing cviracts from the Report, give tJie 
principal deductions of Mr. Hodgktiisun on l)ic5C pointa. 

" In experiments 4 and 5," (on hot lilaal iron, J "which were 
on longer bars than the others, cast for this pmpose, and for au- 
ollier mentioned further oit, the elasticity (injLxpl. 4) was sensi- 
bly injured with 7 lbs., and in the latter (Kxpt. 5) with 14 lbs., 
the breaking wcigiils being 364 lbs., and 1130 lbs. In tlic for- 
mer of these cases a set was visible with j'j. and in the oilier 
with jV of the breaking wciglit, allowing ihat there is no weight, 
however small, that will not injure tlie elasticity." 

'* When a body is subjected to a IninBvcrse strain, some of i(s 
particles are cslcnded and others compressed ; 1 was detiirous to 
ascertain whether the above defect in elasticity arose from ten- 
sion or compression, or both. Exjicnmenls 4 ana 5 show tliis ; iti 
these a section of the casting, which was uniform tliroughonl, had 

the form ^. During the expertmeata the broad part ab was laid 
a b 

horiz^onlally upon supports ; the vertical rib < in ihe latter experi- 
ment hein^ upward, in llic former downward. When it Avas 
downward the tib was extended, when upward the rib was com- 
preaaed. In holli cases ihc parte/' was the fulcrum; it was thin, 
and tlierefore easily fleiihle ; but its breadth Wos such tliat it wan 
nearly inc.\lc)isible and iucompircssible, comparatively, with the 
vertical rib. We may therefore assume, that nearly tlic whole 
flexure wliich takes place in a bar of lliia form, arises froiti the 
extensinn or connprcssion of the rib, according as ii is downwartl 
ompward. In Eipl. 4 we have extension nearly without com- 
pressioti, and in lixpt. 5 compression ahnost wilfioul extension. 
These experiments were made witli great caje. They show that 
there is but little difference in the quantity of set, wliether it 
arises from tension or compression." 

" The set from eompression, however, t» usually less tlian tliaH 
from extension, as is seen in the commencement of the (wo ex 
perimeuls, and near the time of fracture in that submitted to ten 
Bion. The deflections from equal Weights ai'c neariv tJie eam* 
whether the rib be extended or compressed, but tlic ultimate 
strengths, as appears from ahave, are widely different." 

310i Form of Cast Iron Beam beat adapted to resist a Tram 
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ver«« Strain. The experiments of iVTr. Hodgkinson on tliia sub- 
ieci, publislied in the Memoirs of the Literary and Philosophical 
Saciely of Manchestei\ Second Series, vol, 5, arc of equal in- 
terest with those just detailed, both in their general reaulla anrf 
pra-cticaL bearing. From tliesc experimcnl's, the conclusion diiawii 
la that the form of beam in the annexed diagrams is the most fa- 
Torable for registance to transverse strains. 



Fig, a represents the plan, Fig. b 
the elcsatioti, and Fig. c the cross 
Mction (enlarged) at the middle of 
Uic beam. Irora the Figs, it will 
be seen, ihal tlie beam consists of 
llu«e parts ; a. botl&m flanch of uni- 
form depth, but variable breadth, ta- 
pering Iroin the centre towards the 
extremities, where the points of sup- 
port would be placed, so as to form 
a portion of the common parabola uii '.n li ^I'l' "I ih- ,i\M ■■! the 
beam, the vertex of each parabola beiag at llic cenLre ol llie licam. 
The object of this form of llaneh was to timke it, according to 
theory, the strongest, with llic same amount of material, to beai 
a weight uniforiuly diairibuiRd over ii. The top flanch is of a 
tike form, but of much smaller breadth and depth than the bottom 
one. The two are united by a vertical rib of uniform depth and 
bieodlh. 

The foLiowing are the relative dimensions of this form of beam 
which, from experiment, gave the most favorable result. 
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" Tliij beam broke in the middle by compression wilh 36084 
]ba., or 1 1 tons 13 cwu, a wedge sepatsliiig from its uppei 

aide." 

" Tlie weie;ht8 were laid gradaally and slowly oii, and the beaa 
tud boTQC witbm a Ijule of its brcsking weight a considerable time, 
perhaps half an hour." 

"The form of the fr&cture and wedge i« represented in the 
Fig. b, where en/ is the wedge, ef=5A inches, r^i = 3.9 inches, 
angle en^= 82°." 

" It is extremely probable, from this 6^cture, that the neutral 
poinl was at n, 'he vertei of llie wedge, and tlicrefore at {iha the 
depth of tli* beam, aince 3,9 — | x 5J nearly." 

The retalive dimensions abore given were arrrred at by "con- 
stantly making small additions" to the bottom flanch, until a point 
was readied where resistance to compression coiild no loogei be 
sustained. The beams of this form, in all previous espeiiments, 
having yieldtd by the boUom fiaach tearing asunder. 

"The great strength of tliis form of cross section is an indis- 
putable refutation of lliat theory which would make the top ukd 
□oltom ribs of a cast iron beam equal." 

" The form of cross section" (as above) " is the best which we 
have arrived at for ihc beam to bear an ultimate strain. If we 
adopt ihe form of b«am, (as above,) I llnnk we may confidently 
expect to obtain the aame str&ngth with a saving of upwards of 
Jth of the metal." 

320. Rules for determinitig the vltimale Strenglh of Cast 
Iron Beams of the above fonns. P'rom the rcsidts of his experi- 
ments, Mr. Hodgkinaon lias deduced Uie following very simple 
formulse, for determiitinE the breaking weight, in tuns, when ap- 
plied at die middle of a oeam. 

Call the breaking weight in tons, W. 

Call the area of (lie cross section of the bottom flancli, taken 
at the middle of tlie beam, a. 

Call tiic dcplfi of the beam at the middle poinl, d. 

Call llie distance between the supports, L 

Then 

when the beam lias been cast with the bottom flanch upwatd 

and 

when the beam has been cast on Its side. 
ti2\. Effect of Hoi-izonlal Impact upon cast iron ban,iaid 
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Measure ofihe Rtsistoftce offered by cast iron to this force. The 
foUowin^ Tables of expcnmenis on this subject, and Llie rcgiulls 
drawn iiom tiienii are taken from a paper by Mr. Hodgkiiieon, 
publislied in ihe Ftj'lh Report of the British Association. 

Tbc bars uiidcr experiinent were impinged Upon by a weighl 
suspended freely in such a posilton. that hanging vertically it was 
in contact Willi the side of ihc bur. The blow was given by al- 
lowing the weight to swing through different arcs. The bars 
were so confined against lateral supporU, that they couM take nc 
verticai motion. 



Tohie of earperiments on a cost iron bar, iff- 6 f?i- ^ong, 1 in. 
broad, j m. thicks wetgHng 1\ lbs., placedwith the broadside 
against lateral supports \fi. asunder, and impinged upon by 
tatt iron and lead bolls weighing S^ lbs., swinging through 
arcs of the radius 12 feet. 



tmpatl with iBtdcB litU. 



\ea 



l = t 



Impftcl nrllh Iran Ml. 



^■^ 
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** Before the experiments on impact were made upon this bar, 
it was laid on two horizontal supports 4 feet asunder, and weights 
gently laid on the: middle bent it (in llie same direclioo thai it was 
afterwards bent by impact) as below : 



38 !bE. beni it .37 inch. 

&6 Iba. " .77 " Elasticity a little injured/ 
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Table of BJjierimenls an a cast iron bar t ft. Jong, I. OB in. broad, 
and 1 ,06 in, thick, weighing 33^ lbs., placed, as in preceding 
rrpen'mcTUs, against supports SfL 6 in, asunder, and bent b^ 
ir/ijtacts in the middle, impinging halt of cast iron weighing 
20{ /6s. Radius of arcs Ifl/eei. 



lafma ipen bar. 
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The reaiilts in the 3d and 4th columns of the above table we» 
derived from allowing l3ic ball to impinge a.gaiii»t a weight of 56 
lbs,, hung ao as to be in contact wiih the bar. 

" ficfure UiG experiuieats on impact, the beam was laid on two 
supports 6 ft. C in. asunder, and was bent .78 in. by 123 lbs., 
[incliiding the pressure from ils own weight,) applied gently in 
ihe middle." 

Tables {^experiments on two cast iron bars, ^fi. 6 in, long, faU^ 
inch square, weighing 14 lbs. 10 oz. nearly, placed against 
supports 4 feet apart, and impinged upon by a cast iron ball 
toeighing 44 lbs. Radius IS ft. 
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The results in ihe Isl of the above Tables ar« from bais struck' 
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In Ilie miildle, tlio»e in the Hd Table are (com bars slnick at tliB 

(nidJl.:; painl between ihe cenlre and exiremily of Uie bar, 

332. From ihe above ard other experunenls the conduaion is 
drawn, " that a uniform beam will bear the same blow, whethci 
struck ill the middle or half way between tliat and one end." 

'* Frum all the eipcrimenta it appearst that the deflection la 
nearly as the ehord of the arc fallen through, or as the velocity 
of impact." 

The following conclusions are drawn from the experiments. 
(1.) " If different bodies of equal weight, but differing consider- 
ably in hardneaa and elastic force, be made to strike horizunlally 
against the middle of a heavy beam supported at its ends, all the 
bodies will recoil with velociLies equal to one -another." 

■(2.) " If, as before, a beam supported at lis ends be struck 
horizfintally by bodies of the same weiglit, but different hardnesa 
and elastic force, the deflection of the beam will be the same 
whichever body be used." 

(3.) " The quanlity of recoil in a body, after striking against a 
beam as aboYC, is nearlv ei^ual to (though somewhat below) what 
would arise from the full varying pressure of a perfectly clastic 
heaoj, as it recovered its form after dclleclioii." 

N'ote. This last conclusion is drawn from a comparison of the 
results of experiment with those obtained from calculation, in 
whicli tliB beam is assumed as perfectly elastic. 

(4.) " The effect of bcKlics of diffei-cnl natures striking againsl 
a hard, flexible beam, secras to be independent of ihc claaticitica 
of the bodies, and may be calculated, wiili trifling error, on a sup- 
posilion tliat lliey are inelaatic." 

(5.) " The power of a uniform beam to resist a blow given 
liorizonlally, is the same in whatever part it is atruck." 

^d2'^^. From the results of the experiments of Messrs. Fairbairn 
and Hodgkmson, on the propenies of cold and hoi blast iron, it ap- 
pears that the ralio of tlieir resistances to impact ts 1000 to 12S6.3, 
the resistance of cold blast being represc-nted by 1000 ; the re- 
sistance, or power ol the beam to bear a horizontal imp&ct, being 
measured bv the product of its breaking weight from a transverse 
strain at liie mtdd!c of the beam and its ultimate deflection. This 
measure, Mr. Hodgkiiison remarks, " supposes that all cast iron 
hnis of the same dimensions, in our experiments, are of the same 
Weight, and that the deflection of a beam up to the breaking 
■Weight, would be as the pressure. Neither of tlieso is true ; 
Uiey are only approximaliotiB ; but the difference in the weighia 
af caai iron oars of equal size ia very little, and taking them na 
the same, il may be inferred from my paper on Impact upon 
Beams, {Fifth Report of the British Association,) that tiie a*- 
■uin|)tioD above gives rcaulls near enough for practice." 
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324. Stsbscth or Wboccbt laax. This materialt&om ilc 
»ery exIcnsiTc applicatious in stmclurca wbcre a considerable 
leaailc force is to be resisted, as m suapeosion bridges, iron ties, 
Sec, has been the subjecl of a very great Dumber of eipenioeaLSi 
Among llie many nia>' be died those of Telfoid and Brown in 
England, Duleau in rnuice, and the able and extensive scnes 
upon plaie iron for steam boilers, made under the direction of tbe 
fraiikiiii Insliliilc, and published iii the 19tb and 30lJi rols,(jV«{f 
Series) of the Journal of the- Institute. 

Resistance to E^rienston. The following Tables exhibit the 
tensile strength of ihis material uodei ordinary temperatures, and 
in the diderent sutes in which it b used for Etructures. 

TahU exhibiting the SHvngrh of Sgtmre and Round tfo-t of 
Wrotisht Iron. 
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7<t6i^ exhibiting the Mean Strength of Boiler Iron, per square 
inch in lbs., atl from plates with shears. 
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It is remarked in the Report of the Sub-Committee, " that the 
inherent irregularities of tlie metal, even in the best apecimeoa, 
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«1 Other of rolled or liaminercJ iron, seldom fall short of 10 or 15 
p« cent, of Uie mean sireiigth." 

I'rom the same scries of experiments, it appears that tli 
tJi.rpK of rolled plaie lengihwiae is ahoiil 6 per cent, greater 
than (*■ slrcjigih crosswise. 

Id Uie Tenth Report of the British Association in 1840, Mi. 
Fairbaim Ims given the results of espcrinicnts on pklc iron by 
Mr. Hodgkinaon, from which il appears llial ihc mean strcn^n 
jf iron plates lengthwise is S2.53 tons. 
Crosswise " 23.04 " 

Single-riveled plates '• 18,590 Iba. 

Doll hlc-ri voted plates " 22,25S " 

Representing the strength of tiie plate by lOO- 

The double-riveted platea will be . . 70. 

Tl.e single " " . . 66. 

3i5. Professor Barlow, in his Report to the Directors of the 
London arid Birmingham Railroad, (Journal of Franklin Insti- 
tute, July, I83&,) slates, aa the reenlta of his CYpcrjmenla, tblit a 
oar of malleable iron one inch aquare is elongated the fs^th part 
uf its length by a strain of one ton ; that good iron is etoiigatcti tlic 
fteth pan by a strain of I o ions, and is injured by this strain, 
wjiilc indiiFcreiit, or bad iron is injured by a strain of 8 tons. 

From llic Report made to the Franklin Inaiitute, it appears ihal 
Uie first del, or permaneni elongation may take place under very 
di0erent strains, varying with the character of llie material. The 
mofrt ductile iron yields permanently to a low degree of strain. 
The citremea by which a permanent set is given vary between 
the 0.416 and 0.872 of the ullimate strengih; the mean of thir- 
teen comparisons being 0.G41. 

326. ResisttiJice to Compression. But few experiments hare 
bceu publislied on tlic resistance of this nialerial to t:ompreBsion. 
Rondelct slates that it commences to yield under a pressure of 
about 70,800 lbs. j>er af[Uttrc inch, and that when ihc altitude of 
the sjtecimcn Irieu is greater than three tiinea the diameter of 
tiie I»se it yields by bending. Mr. Hodgkinson states that the 
circu 111 stances of its rupture from cnishuig iiidicalc a law simi- 
lar to what obtains in cast iron. 

337. Rc-sistunce to a Traiisvene Strain. The following Ta- 
bles exhibit the circumstances of deUcclion from a transverse 
slniin on bars laid on horizontal supports ; the weight being ap- 
plied at the middle of the bar. 

The Table I. gives tlic resulta on bars 2 inches square, laid on 
mppOTU 33 inches asunder ; Table II. tlie results on boie 3. 
incliei deep, 1.9 in. broad, bearing as in Table I. 
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Tlie above experimenla were mad« by Professor Barlow, aiu 
published iii liis Report alieatiy cited. He remarks on tlic re- 
sults in Table II., that ilie elasticitj' was injured by 2.50 I ps 
and destroyed by 31)0 tons. 

32H. Trials were made lo ascertain mechanically ihc jyisit'on 
of ihc neutral aids on the cross section. Professor Barlow re- 
marks on these trials, that '* the racasurcmeDls obtained in these 
esperimcnts being icnsion 1,6, compressioji 0.4, giving exactly 
the ratio of I to 4 in rectangular bars. These reEufls seem the 
most posilive of any hitherto obtained ; slill there can be little 
Uoubt tins ratio varies jn iron of different qualities ; but lookiog 
to llic preceding experiments, it is probably always from 1 lo 3, 

10 1 to 5." 

329. Effects of time on the ehngation of Wrought Iro'ifrom 

11 constant strain (^extension. M. Vicat lias given, in the An- 
nates de Chimin el de Physuiue, vol. 54, some experimcQls on 
this point, made on iion wires which had not been amiealerl, by 
subjecting four wires, respectively, lo strains Amounting to the 
\, trie {, tiie \, and I of llieu- lenadc strength, during a period of 
J3 montlis. 

From tJie results of lh«sc experiments it appears, that each 
wire, immediately upon the application of the strain to which it 
was BuJijecled, received a certain ajncunt of exlensiO'n. 

The first wire, which was subjected to a strain of jlli tta len- 
gile strength, was found at the end of the time in question not 10 
liave acquired any increase of extension. 

The second, aubmiited to id its tensile strength, was elongolei! 
0,027 in. per foot, indc[jcndeiitly of the elougalion it at first re- 
ceive J. 

The lliird, Bubjccled under like circumstances to a strair. ui 
ith its tensile strenglL, waa elongated 0.40 in. per foot, beaioea 
lis firet elongation, 
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The fourth, aimilarlv subjepleti tn Jihs ihe tensile sf.-engtii, was 
elongated 0.061, besitfcs ilii lirst obitgation. 

From observations mmic during tlac experiments, it was found, 
'hfll, reckoning frono liie lime when the lirst elongations took place, 
'he rapidity of the ftubsetjiient elongations was nearly proportional 
lo the times ; and that the elongations from strains grcalor tliait 
|th the tensile strength ore, after equal Limes, nearly proportional 
to tlic strains. 

330. M. Vicat renjarka In suhaUtncc Upon the results of ihes-O 
experiments, thai iron wire, when not annealed, commencca to 
prliiLiil a permanent set when suhiucleti to a strain between llie 
I and { of its lca?ile strciiglli, and that therefore it is rendered 

rbable llial the wire ropes of a suspension bridge, which sliould 
subjccledto a like strain, would, when the vibratory motion to 
nrhicli sucii slrucliirca are liable i3 considered, yield constantly 
from year to year, until they entirely gave way. 

M. Vicat farther remarks, in substance, that the measure of the 
resistance offered by mali^riaU to strains exerted only some minulea, 
ox hours, ia entirely relative to the duratiwi of tnc experiments. 
To ascertain the absolute measure of this resistance, which -should 
terve as a guide to the engineer, the inalcriala ought to be sub- 
jected for some months to strains ; while observations should be 
made during diis period, with accurate instruments, upon the 
manner in which thev vif Id under these strains, 

331. Effects of 'Temperature on the Tejisile StrengtFi of 
Wrought Iron ^he experiment.5 made under the direction of 
tlie Franklin Institute, already noticed, have developed some very 
curious facts of an anomalous character, with respect to the effect 
«f an increase of temperature wpon the strength of wrotighl iron. 
It was found that at high deyrees of heat the tensile strength was 
greater up to n certain point than was exliibiled by the same iron 
at ordinary temperatures. The Sub-committee in llieir Report 
remark : " Tliis circumstance was noted at 212*, 39S', and 572", 
rising by atepa of 180° each from 32°, at which last point some 
trials have been made in meliing ice. At the highest of these 
points, however, it was perceived that some apecimciiB of the 
metal exliibited but little, if any, suj>eriority of strength over thai 
which t>iey had possessed when cold, while others allowed of 
being heated nearly to the boiling point of mercury, before they 
manifested any decided indications of a weakening effect from in- 
creaSQ of temperature." 

" It hence became apparent that any law, taking for a basis 
ibe Blrcngth of iron in its ordinary condition, and at common 
temperatures, must be liable to great uncertainty, in regard to its 
■pplication lo dilferenl specimens of the metal. It was cvideni 
Jiat the anomaly above referred to must be only apparent, and 
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thai the tenacity aelually exhibited al 572°, as well aft iliat which 
preTaila while the iron 13 in the state in which it was left by 
forging, or rolling, must be below ita maximum tenacity," 

From the experiments made upon several bars of ihe same 
iron, it appeared tliat their "maximum tenacity was 15 IT i>et 
cent- greater than iheir mean strength when triea cold." 

Calculating the maximum tenacity in otiier CKperimenta from 
this standard, the Sub-committee have drawn up the following 
Table exhibiliag line relalions between duuimiiione from the nrai- 
Jmum tenacity and the degrees of temperature by which they are 
caused, from which llie curve representing ihe iaw of these rela- 
iLons coji be constructed. 
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Ttic Sob-committee remark on the construction of the above 
Tabii' : " As some of the eiperiraentB which fiimi&hed the stand- 
ards of comparison for atrengtii at ordinary temperatures, were 
made at 80°, and as at this point small variations with respect to 
heal appear !o affect but very sligblly iht tenacity of iron, it was 
conceived lliat for pTBCtlcal purpoaes, at least, the ca]culalion;s 
might be commenced from that point." 

" U will be found that with tlie exception of a slight anomaly 
between 520° and 570", araounl ing to — .08, the numbers express- 
ing the ratios between the elevations of temperature, and the 
dirninutions of tenacity, constantly increase until we reach 932", 
at which it is 2.97, and that from this point Llic ratio of diipiny- 
tion decreaaea to the limits of our range of tnals, 1317°, where h 
is 2.14, It will also be observed, that the diminution of lenacitj' 
at 932", where the law chaiigee from an increasing tu a decreaaihg 
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fBte of diminution, is almost precisely one third of the lotal, or 
iruLrimum slrenglh of Uie iron al ordinary temperaturci^.'* 

From ihe ineari of all ilie rates in tiic above Table t!ie follow- 
ing rule is deduced: "■ the thirtemth power of t/ie tci/ipernlure 
iibooc SO" is proportionide to the fiflh power of (Ae diminution 
frofr the maximum tenacity^* 

Pju/essor W. R. Johnson, a member vl the sub-commiltee, 
has. since applied the results devclopfd in tlie preceding experi- 
ments to pniciical purposes, in increasing tfic tenacity oi"wrou[;ht 
iron by subjecting it to tension under a high degree of Icmpcra- 
lure, before using it for purposes in which it will have to undergo 
coji&idernbk strains, as, for ctaniple, in cliain cables, &c. 

This suSjccl was brought by Prof. Joluisoii before the Board 
of Navy Commissioners in 1811 ; subsc^quenilv, experiments were 
tnsde by liira under direction of the Navy Department, the reaulls 
of whieli, as exliibitcd in the folJowing Table, were pubhsbed in 
Ihc Senate FiMic Documents, [l) Zhth Congress, 2d Session, 
p. 041. Dec. 3, 1B44. 

Tabic of the effects of Thcrmo'tension on the Tenacily and 
Elongation if Wrought Iron. 
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Prof. Johnson in hta letter remarks : " It will be obsen'cd thai 
in tlieae e.iperimeiiis [he temperature has. %viih a view to economy 
of time, been limited to 400", whereas the beet cflecls of the pro- 

>C€8S have generally heen obtained, heretofore when the heat Jias 

ihcen as hiijb as 575'*." 

332. Jif^sistatice of Iron Wire to Impact. The following Ta- 
ble of cxpeFimentii gives iho results oblaiiicd by Mr. Hodglyni^on, 

ibyonspiinding aij iron ball at the end of a wire, (diameter No. 17,) 

■and letting another iron ball impinge upon it from different alti- 
tudes. The suspended and impinging balls had holes drilled 
trough ihcm, through which the wire passed. A disc of lead 
Was placed on the suspended ball to receive l!ie blow, and lesocr 

|Aie recoil frora elasticity. 
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The following obaervalions are made hy Mr. HodgkJnson: 
"To asccrlaiii ihc slrenglh and eslensibjliiy of tliis wire, it was 
broken in a very caiefilt esperiiiiciil with 252^ lbs,, Biispended 
al ilB lower end, and laid gradually on. And to obtain ihc incre- 
mCnl of a portion of llie wire {lenalh 24 ft. 8 in,) when loa<i.ed by 
a cerlain wciglit, il had 1.19 lbs. hung al the boltom, and wheu 
89 lbs, were takuii off Uie load, the wir€ decreased in lengili .39 
inch. 

" Should it be suggested ihat the wire by being frequently iro- 

Singed upon would jTerha|JS be much wcaki^ned, the autlior would 
eg to refer to a paper of his on Chain Bridges, Manchester Me- 
moirs, ad series, vol. 5, where it is shown that an ircn wire broken 
by pressure several times in succession is very little weakened, 
and will nearly bear the same weight aa al first." 

" The firat of ilie preceding esperiinenta on wires arc iIk only 
ones from which the maiimum ean, with any approach to cer- 
tainly, be inferred ; and we see from them that llic wire resisted 
tlie impulsion wilJi lIic greatest effect when it was loaded at bot- 
tom with a weight, which, added to that of the atnking body, wag 
a Jiltle more than one tldrd of tlie weight that would break the 
wire hy pressure.'" 

" From these expcrimcnls generally, it appears that die wire 
was weak to bear a blow wlieii lightly loaded.** 

" These last expcripicnls and remarks, and some of Uic prece- 
ding ones," (on horizontal impact,) " show clearly the benefit of 
giving consiacTablc weight to eU&tic structures subject to iinpacl 
and vibration." 

333. Resistance to Torsion of Wrovght OTtd Cast Iron. The 
following Tabic eadiibita the resulls of experiments made by 
Mr. Dunlop, at Glasgow, on round bars of wrought iron. The 
twisting weights were applied with an ami of lever 14 feet 3 
incliei. 



STRENCTII OF MATE«14t$. 



loa 



t^Bfith of b&n 


1 '1 


In Uu^bn. 


bn tnchei. 


Judoij nipdun. 


si 


fi 


350 


2< 


384 


3 


a 




ma 


3 


9 


700 


4 


3 




1170 


& 


3 




1340 


B 


3^ 




16fi3 


6 


4 


143S 


6 


*i 


S15S 



TafcJe o/" e:a)erivipnts made by Mr. G. Rennie vpon Cast and 
Wrought Iron. Weight upplied at an arm of levcj- of Zjecl. 



i 


Lengili iif 


EirooC 


ihiia bmU- 


1 KITEBUI. 


Mockii Id 


letUuvBl 


il>I W»I|N! 


► 


LDcbei. 


una. 


lalbi. 








ItM. M. 


Iron cut homontally .... 







9 15 


•' Tertiealiy 















10 10 


" tioriEontally 










i 




7 3 


11 •• 












8 1 


•■ <• 










1 




8 8 


•• Tonically 










1 




10 1 


ai lA 












8 


it It 










1 




6 5 


W 11 










6 




13 


•* harisoatallf 















US 12 


•■ li 















7J 


•I '• 










10 




sa 


Wnmgfat iron, (Ejig-lisfi) 















10 i 


ISueJuh) . 











9 e 



I 



334. Strength of Copper, The Tarious uses to which cop- 
per ia applied in conalrucliniis, render a knowledge of fls reaist- 
tnct under various circurji Glances a mntlcr of grcnt iitlcrcst (o the 
engineer. 

ttesietance ta Extension. The resistance of cast copper on 
the 8({uarc inch, from the ciperimenis of Mr. G. Reiinie. is fl.5I 
Ions, t!inl of wrought copper reduced jier hammer al 15.08 Ions. 
Copper wire is stated to bear 37.30 tons on the square inch, 
From the experiments made under lliP direclicm of the rranklin 
tnxtitiiU, already cited, \hu inoan strength of rolled sheet copper 
b stiileit at 14.35 Ions per sfpiarc inch. 

Henintunce to Campressio7i . Mr. Rennic'a experiments on 
lubes of one fourth of an inch on the edge^ give foi the cniabing 
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weight uf .1 cube of cast copper 7318 lbs., aiid of wruugnt cappei 
6440 II) 8. 

335. Effects of Temperaturp on Tensile StrCTtgih. The cx- 
perimenls aliea+iy cileu of iht FraJiklin Jnstilule, show ihal iJio 
difference in slrength at the lower tcinpcmUnca, aa !>ctwcc)i GO" 
and 1*0", is 9carce!y grealer tJian whul arises from irregiil amies 
in the slniclurc of ihc metal al ordinary iciiiperaUires, Al 5&U" 
Fahr. copper loses onefamfh of ils Iciiaciiy al ordinary' tciupcra- 
tures, at blT" precisely one holf, and al lOOU" tViO thirds. 

Representing ihe resulls of csperimciUs by a curve of wliich 
the ordinaies represenl tJie leinperaliires iibovc 35", and tlie ab- 
sciaeas ihc dintinutions of tcnaccly nris^iitg hma iiicrca&c of teiii- 
pcralure, the relations between tiie two will be thus expressed : 
the squares of the diminutions are as the cubes of the tempera- 
tures. 

336. Strength of other Metals. Mr. Rennie slates ihc 
tenacity of ras( tin at 3.11 Ions per square inch ; and tlie resist- 
ance lo compression of a small cube of { of an inch on an edge 
at 966 lbs. 

In the iiaine cxpcrimetits, the tenacity of cast lead is staled at 
O.Sl tons per square inch ; and [he resistance of a small cube of 
same size as in preceding paragraph at 4Hy lbs. 

In the same oKperiinerils, the lenacily of hard gun-melal is 
stated at 16.23 Ions i iJial of fine yellow brass at 8.01 Ions. The 
resistance to compression of a cube of brass llie same as before- 
mentioned, is staled at J0304 lbs. 

337. Linear Bilalation of Metah by Heat. The foliowina 
Table is taken from results of experiments on the dilatation of 
solids, by Professor Uamell, pubhshed in the Philosophical 
TransactionSf 1S31. 

Table of Dimensions which a bar lakes whose length at 62* m 

1.0000. 



Iron, (wroiig'hl) 
Iron, (east) 
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Tin . 

Braaa, (sine ) 

Bronze, (tin ) 

Pewter, (tin ) 
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S3B. Adhesion, of Iron Spikes to Timber, The following 
Tibles and results are laki'n from an article, by Professor 
Walter H. JohfiscJi, pubtisliM in tlic Journai of (lie Franklin 
Instilvtc, vol. 19, 1SI{7, givuig ihe detaiU of eipcrimcTiis mode 
by him on spikes of various foTins drivQn into diCTcrcnt kinds of 
UnibcT. 

339. The first series of fxpcriiiicnis was made wilh Burden's 
'plum ^Uate spike, tlie fliuichi^d, i^ooved, and swell fipike, tuid 
ihc grooved and swelled spike. Tlie limber was seasoned Jersey 
yellow pine, and seasoned wliile onk. 

From llic3c experirneiila it results, lliat the grooved and swelled 
fonu U about 3 per cent, less advantageous than the plain, in yel- 
low pine, and about li^} per cent, superior to the plain in oak. 
The advantage of seasoned oak over the seasoned ptiic, for re- 
taining plain spikes, ia as 1 lu 1 .'9, and for grooved spikes as I la 
3.87. 

340. The second series of experiments, in which lite limber 
was soaked in water after liic spikes were driven, gave lite fol- 
lowing results. 

Yot swellod and grooved spikes, the order of rclenlivenesB was, 
I locust ; 2 while oak ; 3 hemlock ; 4 unseasoned chesnut ; 5 
yellow pine. 

For grooTcd spike without swell, llie like order is — 1 unsea- 
soned cnesnut; 2 yellow pine; 3 hemlock. 

The swelled and grooved spike was, in all cases, found to be 
inferior to the same spike wilh the swell filed off. 

341. The third series of experiments gave ihc following results. 
Thoroughly seasoned oak is twice, and thoroughly seasoned 

locust 21 times as retentive as unseasoned chesnut. 

The forces required lo extract spikes are more nearly proper 
tional to the breadths than lo cither the thickness or the weights 
of the spikes. And, in some cases, a diminution of ihickncM 
wilh the same breadth of spike afforded a gain in retentive nesa. 

"In tlie softer and more spongy kinds of wood the fibres, in- 
stead of being forced back fongiludijially and condensed upon 
tliemselves, are, by driving a lliick, and especially a rather oh 
tusoly-pointc^l spike, foEiIcd in masses backward and downward so 
OS lo leave, m cerlani parts, the faces of the grain of the timber 
in contact with the surface of the metal." 

"Hence it appears lo be neceaaaryi in order to obtain the 
greatest effect, that the fibres of the wood should press the faces 
u nearly aa possible in tlicir longitudinal direction, and witli equal 
intensities llu^oughout die whole length of tlie spike." 

The followin;^ is the order of superiority of the spikes from 
thut of the ratio of their wcigiits and cxtracling forces respco 
lively. 

U 
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1. Narrow flat . 


7.049 ratio of weif[fat to flxlnetiog fore* 


9. Wide flat . . . 


5.718 " " 




3. Grooved but not swelled 


6.662 " " 


€t 


4. Grooved and not notched 


5.300 " " 


14 


5. Grooved and swelled 


4.624 " ** 


t* 


6. Burden's patent 


4.509 " " 


U 


7. Square hammered . 

8. Pfain cylindrical . 


4.129 " " 


It 


3.900 


11 



'* All tlie experiments prove that when a spike is once started, 
tlic force required for its final extraction is much less than that 
which produced tlie first movement." 

" W hen a bar of iron is spiked upon wood, if the spike be 
driven until the bar compresses the wood to a great degree, the 
recoil of the latter may become so great as to start back the spike 
for a short distance after llie last blow has been given." 

342. From the fourth series of experiments it appears, that the 
spike tapering gradually towards tlic cutting edge, gives better 
results tlian those with more obtuse ends. 

That beyond a certain limit the ratio of the weight of the spike 
to the extracting force begins to diminish ; " showing that it would 
be more economical to increase the number rattier than the length 
of tlie spikes for producing a given effect," 

*' That the absolute retaining power of unseasoned chesnut on 
a<iuarc or flat spikes of from two to four inches in length, is a 
little more than t^OO lbs. for every square inch of their two face* 
which condense longitudinally the fibres of the timber." 
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343. MisoNRY is the art of raiaing structures, in stone, brick, 
fend mortar. 

344, Masonry is classified either from the nature of the mate* 
ial, as slow masonry, brick nuisonry, and mixed, or that which 

composed of sionc and bnck; or Troin the manner in which 
tfie tnalerial is prepared, as cut stone or ashlar masonry, ra/iiile 
^K^one or rough masonry, and hammered slone maso/iri/ ; or, 
^KiuUy, from the fonn of the material, as regular maswiry, and 

^B 345. Cut Slone. Musonry of cut atone, when carefully made, 

is stronger and more solid than ll>at of any oilier class ; hut, owing 

|to the lalior required in dressmgt or prcj>aring the atone, it is also 

le most esjwnsive. It is, llicrefore, mostly restiieled to those 

rorka where a certain, arcliitectural effect is to be protlucod by 

iie legularity of the tiiasses, or where great strength ia indiapen- 

ble. 

346, Before explaining the means to be used to obtain the 
atci&t slrengihi m cut stone, it will be necessary to give a few 

cfiniUons to render the subject clearer. 

ill a wall of masonry, the term /(tee is usually applied to the 
front of llic wall, and tlie term back to the luaide ; the stone 
whirl) forms the front, is termed the facing; lliat of the back, 
the backing ; and Ilie interior, XhcJiUing, U the front. *>r back 
of tlic wall, has a uniform slope from the top to tlic bottom, thia 
slope is termed the baiter, or b&tir. 

The term course ia applied to each horizontal layer of stone 
in the wall : if ihe stones of each layer are of equal thickness 
throngiiout, it is termed regulur coursing ,- if Ihe thickticsaos are 
unequal, the term roTidom, or irregular coursing, is npplicd. 
The divisions between the stones, in the courses, are termed Uia 
jointji ; tijp upper surface of the stuncs of each course is also, 
sonielJines, termed the hei, or bniJd. 

The urruigcmeiU of the dilTt;rent &tonc» of each course, or of 
contiguous courses, is termed the bond. 

347. The strength of a mass of cut stone masonry will depend 
on the size of the olocks in each course ; on the accuracy of the 
dresaing ; and on the bond used. 

;}48. The hIkg of the blocks varies with the kind of stone, and 
the nature of the qniirry. From some quarries llic stone may be 
obtained of any required dimensions ; oilier^, owing lo some pe- 
culiarity in the formation of the slone, only furnish blocks of smiU 
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iixe. Again, Llie stieogth of aome stones is so great as to admh 
of Uicir being used in blocks of any size, unlhout danger lo the 
stability of the structure, arising fram tlieir breaking ; otlicrs &Xi 
only be used with safely, when the length, brt^adth. and ihickncBS 
(if ihe block bear certain wlaiions lo each other. No iiied rule 
can be laid down on this point : that u^Ucilly followed by builders, 
is to make, willi ordinary stone, liic broadtli at least equal lo the 
thicii-nesa, and seldom greatc^r ihaa twice llue ditueDsion, and to 
limit itic Itjnglh lo wiiTiin three ttnics the thickness. When the 
brcadi!] or i!je lenglli i& considerable, m companson with ibo 
thickness, tliere is danger tliai the block may break, if any un- 
equal settling, or unequal pressure should take place. As to ibe 
abftoEuie dimensions, the tluckness is generally not less than one 
fool, nor greater than two ; stones of this iluckncss, with the rel- 
ative dimensions just kid down, will weigh from 1000 to &0OO 
pounds, allowing, an an average, 100 pounds to the cubic foot. 
VVith Uic&e dimensions, therefore, lliu weight of each block wflU 
require a very considerable power, both of machinery and men* 
to set it on its bed. 

349. For ttte coping and top courses of a wall, th« same ob- 
jections do not apply to excess in length ; bul this excess may, on 
the contrary-, prove favorable; because Ihe number of lop joints 
being UiU9 dtriiinished, the ntass hciieatli the coping will be better 
protecled, being exiKised oii!v at the joints, which cannot be made 
water-tight, owing lo the mortar being crushed by the expansion 
of tlie macks in warm weather, and, when they contract, being 
washed out by the rain. 

330. The closeness with which llie blocks 6t is solely depen- 
dent on the accttracy with which tiie surfaces in contact, are 
wrought or rfresscrf ,- if tliis pan of the work is done in a sloTenly 
manner, t)ie mass will not only present open joints trnm any in- 
cquahly in tlie settling; but, from tiie courses not fitting accurately 
on their beds, the blocks mil be liable to crack from the unequal 
pressure on tlie ditferoni points of the block. 

3ol, The Eurlaces of one set of joints should, as a prime con- 
dition, ba perpendicular to the direction of the pressure : br fhia 
amngemcut, there will be no tendency in any of the blocks la 
a^k III a vertical wall, for example, Uic pressure bcini; down^ 
wan], the surfaces of one set of joints, whicli arc tlie beds, inusl 
be horizontal. The surfaces of llie otlier set iimsi be jierpen- 
dicular to these, and, at the same lime, perpendicular lo tlie face, 
or to Uic buck of tlie wall, acconjing to the po&ition of the stones 
iu die mass ; two essential points will Olus oe attained ; ihc an- 
id«3 of tJic blocks, at liie top iuid bolloui of the course, and at Ihe 
»cc or back, will be right angles, and llie block witl tlieii-forc ho 
is strung M ihe nature of th« stone niU admit. Tlic principlea 
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iiere ap[)Ked to a vertical wail, arc applicablt? in all cnaes wlial- 
ever may bo the direction of llie preasurs and l)ie form of llie ex- 
terior surfaces, whether plane or curved. 

35S. A modification of tliis principle, however, may in some 
cases be reqiiisilCj arising from the strength of the alone, It ia 
laid down as a rule, drawn from the eiperience of builders, that 
bo Btone work wiUi angles leaa lliaii CO" will offer sufficient 
Btren]^ and durability to resist accideiila, and the effccta of the 
weather. If, therefore, the batter of a wall sjiould be grcaler ilian 
60". which is about 7 perpendicular to 4 base, the horizontal 
iointe C^^S- ^) muat not be curried out iu the same plane, to the 
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Ff;;. S — Renmenite the arniiucniwnt ofilniie wilt) 
otwItinK. or rlbow )ain.\B lar veij incUood aat- 

A, face of Die block. 
f. Hhow Joinl, 

B, liuCtrcw blocli, (Dnn«] >. newell aUnM. 



face or baL-k. but be broken off at right angles to it, so as to 
fonu a small abutting joint of about 4 inches in thickness. Aa 
ihe baiter of walls is seldom so great as thia, except in sornc cases 
of sustaining walls for the side slopes of canhcn cmbanltmentB, 
ihia modification in the joinls will not often occur; for, in s 
greater bailer, it will generajly be more economical, and Uie 
construction will be stronger, to place the stones of the exterior in 
ofTacts, the exterior alone of one course, being placed within tlie 
exterior one of the course below it, so ae to give the required 
eenentl direction of the batter. The arrangement with oBaets 
nas the farther advantage in its favor of not allowing the rain 
water to lodge in the joinl, if the offset be slightly bevelled off. 

353, Workmen, unless narrowly watched, seldom take the pains 
necessary to dresa the beds and joints accurately ; on tlic con- 
Iraiy, to obtain what are termed close joints, they dress the ioiuta 
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A, section offnco block. 
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witli accuracy a few inches only from ifie outward surface, and 
ihen chip away the stone towards the back, or tail, (Fig- 7,) so 
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that, when tlie block is set, it will be in contact with [he adjaceail 
BtoneB, only throughout this very small ejncnt of bearing surface. 
Tliis practice is objectionable under every point of view; for, 
in the first place, it gives an extent of bearing surface, wMch, 
being generally inadetjuale to resist the pressure lluohii en it, 
causes the block lo spliiiter oS al the joint ; and in the second 
place, to give ihc block its proper set, it has Ifl be propjwd he- 
neaih by small bits of stone, or wooden wedges, an uperalion 
termed pinning-up, nr under-pinning;, and these props, causing 
the pressure on the block to be thrown oii a few points of tbe 
lower surface, instead of being eqnaliy diffused over it, expose 
Llic stone to crack. 

354- When ilie facing is of cut s.tone, and the backing of rub- 
ble, the method of iliinning olf the blix^k may be allowed for the 
purpose of forming a better bond between the rubble and ashlar', 
but, even in this case, the block should be dressed true on catJi 
ioitit, to at least one foot back from the face. If there exists any 
cause, which would give a tendency lo an outward thrust from 
the back, then, instead of thinning off all the blocks towards the 
tail, it will be preferable to leave the tails of some thicker than 
llie parts whicn are dressed. 

355. Various methods are u$cd by builders for tbe bond of cut 
stone. The system, lenncd headers and sfrclchers, In whidi tlie 
vertical joints of Uie blocks of each course altcmale with the ver- 
tical joints of ihc courses above and below il, or as it is termed 
brcctijai)its with them, is the most simple, and offera, in most cases, 
all requisite solidity. In this system, (Fig. 8,) the blocks of each 
course are laid alternately vrilli their greatest and least dimensions 
to the face of the wall ; those which present the tongest dimeo- 
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tf'L'^bl!^^''" ^^'' ^r ^"^'"^''^'^^I'J'en.i the oihei,. header. 
If the header reaches from Uie face lo the back of th« wall, it W 
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ned ti through ; if it only reaches part of the distance, it ii 

termed a binder. The vertical jdiiils of one cou rae are either 

, just over tlie middle of the blocks of the ncTt coiirsc below, or 

else, al least four inches on one side or the oiher of llie tertica^ 

joints of that course ; and iho headers of one course rest as nearly 

^as practJcablc on tiie middle of the stretchers of llie courae be- 
neath. If the backing is of rubbte, and the facing of cut stone, a 
system of thioughs or binders, similar to what has juat been ex- 
plained, must be used. 

By the arrangement here described, the facing and backing of 
each course are well connected ; and, if any unequal setlling 
lakes place, llie vertical joints cannot opicn, as woidd be tlie case 
were they in a continued line from the top to Uie bottom of the 
mass; as each block of one course continCB the ends of the two 
blocks oti which it rests in tlie cour^se beneath. 

356. In masses of cut sioitc exposed to violent shocks, as those 
of which light-houses, and sea-walls in very exposed positions 
are formed, the blocks of each course require lo be not only very 
Jirmly united with each other, but also with the courses above 
auid below them. To effect tliia, varioua meana have been used. 
Tlie beds of one course are sometimes arranged with projections 
<Fig. 9,) which fit into corresponding indcatatioiia of llie next 
cottTM. Iron cramps in the form of me letter S. or in any oUier 
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Fig. 9 — Rc-prearntii 
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shape that will answer the purpose of giving them a ftrm hold on 
*the blocks, arc let into the top of two blocka of the fiamC course 
tt a vertical joint, and arc hrmiv set with melted (ead, or with 
bolts, BO as to confine the two filocka together. Holes are, in 
some Cases, drilled through several courses, and the bIof;ks of 
these courses are connected by strong iron boils fitted to the 
holes. 

The most noted examples of these methods of strengthening 
the bond of cut atone, are to be found in the works of the Roman) 
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963. TW baid Baeil ■ iinck ««tk is ntj nuooM, Aepee&ag 
oo the rfmattCT of ifae madnra. *I\»e man imm] kunb au 
knowB M the ErngtuA ukI fIsauA. The fast oonsists in ar- 
nagnig ibe coones ahenudj, eabrtly as bcMlen or sticlcben* 
tfia brkluifaroii^ilie oooTK faRcakiagjcntt. In the seoood tlte 
bhck» an bad as beadeis aad stielcben iii cadi couise. Hw 
fini ia Maied to gire a stroogeT Ixmm! ihan, Uk last, the bncks of 
wliich, >(nring io (Ik difficoOtr oC pffCTeniing comiBuoiu jaial^ 
chfacT io tlw nine or di&rcol courses, are liable io aepaiutcti 
eaiuing the &ce or tfae back to bulge outuraid. The IleiDish. 
bond prcaenla the finer archilcctunl appeannce, and is tbeieforO 
pceferied for ibe fronts of edifices. 

364. Timber and iron bave both htca need to KireTtgthKn the 
bond of brick masonrj. Among the inaat lecoariiable examples 
n{ llieir U5«3 are the wc\i, laced in brick, forming an eDtiaoce (o 
ihc Thamea Tunnel, the celebrated work of Mr. Brunei, and hie 
RKpennicnial arch of bnck. a description of which is given in the 
Ctvil Engineer and ArckiUct^i Journal, A'o. 6, vol. 1. In both 
these struclures Mr. Bninel u»ed pantile Uths aiul hoop iron, in 
tjLe interior of the horizontal courses, to connect two contiguous 
eourscB tliroughout their length. The elHcacy of ibis method 
has been farther futiv tested by Mr. Brunei, in eKperinienls made 
on Uic resistance to a Imnsrcraal etram of a. bnck beam bonded 
witli hoop iron, accounts of which, and of experiments of a like 
kind, are given by Colonel Paelcy in liis work on Limes, d 
rcoua CeJnenia, &c, 

365. The morlar-bed of brick, may be eil]ier of ordinary, 
thin-iempcred mortar ; the last, however, is the best, as it msk 
closer joinls. and, containing more water, does not diy so rapidi 
as the other. Aa brick has great avidity for water, it would af- 
ways be well not ofiJy to moiaton it before laying it, but to allow 
it to Moak in water several hours before it is used. By taking 
this precaution, the mortar between llic joints will gel more firmly 
than when it imparts its water to the dry brick, which it frequently 
does 80 rapidly ns to render the mortar ptJverulent when it ' 
dried . 
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y66. The term foundation is used indifferently cither for the 
ilowcr coufBes of a structiirc of masonry, or for the arlificiaL 
ttrrangemenl, of whatever character it may be, on which the. 
c-ourscs rest. For more perspicuity, the term tted of Ckefouadtu 
'tviP will^be used in this work when the latter is designated. 

307. Tlir strength mid durability of structures of masonry de- 
ipend eaacntiaily upon liie bed of tlie foundation. In arrsm^ng 
(hi», rcgfird must bo liad not only to llie permanent efforts wbii^ 
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cut o1)lic]ue1y into the block to receive bolls vrnh eyes for the 
tainc puqiose. 

Wlien a block of cut stone is lo be laid, the first point lo Ijb 

Attended to, is lo examine the drt'ssing, which ia done by placing 

the block on its bed, and seeing Lhal ilic joints lit dose, a^iid the 

, face is in its proper plane. If it be /ouiid iKat the fit is not accu- 

[*ale, the inaccuracies are markcid, and ttic requisite changes made. 

fcTlie bed of Uie course, on which the block is to be laiJ, is then 

Fihcroiighly clcanaed from dust, See, and weli raoisiened, a bed 

of tlnii mortar is laid evenly over it, and the block, the lower sur- 

face ol which is (irsl cleansed and moistened, is laid on the inur- 

llBr-hed, and well settled by linking it with a wooden mullet. 

''hen the bJock ia laid against another of liie same course, the 

It between ibem is prepared with monar m tiie saine maDner 

the bed. 

358. ItuhUe Stone Masonry. With good mortar, rubble 
rork, when carefully cxecult^d, possesses all the sirenglh and 
lurabihty required an alnictures of iin ordinary character; and it 
much Ies3 expcnsiTe than cut stone. 

3dil. The stone used for this work should be prepared sirnply 

hy knocking off all the aliar(.>, weak angles of the filock ; it ia then 

cleanacd from duet, dec, and moistened, before placing il on its 

bed. This bed is prepared hy spreadmg over the top of the lower 

[Course aJ) afJlplc qiialHUiy of good oniiiiary-letlipcrecl inorUir, inlO 

fbicli the sione is finiily imbedded. The interstices between ihc 

Fl&rgcr masses of slonc are filled in, by thrustmg small fragments, 

>r chippings of alone, into llie mortar. Finally, liie wholo course 

IV be carcfdlly groiiled before another is commenced, in order 

' £U up any voids iell hetvs'eexi the full mortar and atone. 

360. To conned the parts well together, and to alrcngthen the 

fwcak points, througha or hinders should be used in all the couraes; 

' the angies should be constructed of cut or hammered stone. 

lu henvy walls of rubble masonry, the precauiion, moreover, 

•hould he observed, lo lay tlie stones on tlicir '/uarrif-bed ; that 

is, to give them the same position, in (he mass of masonry, that 

ihey had iri itic quany ; as atone ia found to offer more resistance 

to pressure m a direction perpendicular to the f>'iaiTy-hed, lliaii; 

^if) wiy otiior. The directiuiis of the lamina in stratified stones, 

Hbhow t)jc position of the quarry-bed. 

^B .^61. Hammered stone, or dressed rubble, is stone roughly 
^Hi«liioncd into regular masses with the hammer. The same pre 
^cautions inuai be taken in laying this kind of masonry, as in the 
|Wo preceding. 

362. Brtch Masonry. With good brick and mortar, this ma 
•onry offera great strength and durability, arising from Uie stioog 
adhesion between the mortar and brick. 

15 
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OTcr, be perpendicular lo the dircclion of t!ie pressure ; if this 
vertical, the sarfacs should be horizontal, and so for any otiici 
direction of the pressure. Should llicrc, however, be any diffi- 
culty m so orran^ng the surface as to have it normal to Uie re* 
siiltant of the prussure, it may r-eceive a position such ihal one 
coinponent of ific resuUajit shall be perpendicular to it, and llic 
o\\\ei pariillcl ; the latter being counteracted by the fricUon and 
adhesion between the base of the bed and the surface of the rock. 
If, owing loa great dechnty of tlie surface, the whole cannot be 
bioughl lo the same level, the rock must be broken into steps, in 
order that the bottom courses of the foundation throughout, may 
fpst on n surface perpendicular lo the direction of tlie pressure. 
If fissures or caviliea arc met with, of so great an extent as to 
render the fiKing them with masonry too expensive, an arch must 
then be formed, reatmg on the two aides of tlie fissure, lo support 
thai part of llic structure above it. 

The slaty racks roq^uirc most care in preparing tliem lo receive 
a foundation, as their loi) stratum will generally be found injurod 
to a greater or less d^plli by the action of frost. 

371. In stony cartas and hard clay, the bed is prepared by 
digging a trench wide enough to receive the foundation, and deep 
■enough to reach the compact soil which has not been injured by 
l!ic action of froat : a trench from 4 to 6 feet, will generally be 
dp-ep enough for this purpose. 

372. In compact gravel, and sand, where there is no hability 
to lateral yielding, cither from l3ie action of rain or any other 
cause, the bed snay be prepared aa in the case of stony earths. 
If there is danger from lateral yielding, the port on which the 
foundation is lo rest must be seciircd by confining it laterally by 
means of sheeting piles, or in any ottier way that will offer sum- 
cieni security. 

373- In laying foundatioi^g on firm sand, a furtlier precaution 
is sometimes resorted to, of placing a platform on the bottom of 
the trench, for the purpose of distributing the whole weight inore 
uniformly over it. This, however, seems to be unnecessary ; for 
if the bottom courses of the masonry are Well settled in their bed. 
(here is no good reason to apprehend any unequal settling froiD the 
effect of the HUpcrincumbcnt weight : whereas, if the wood of the 
platform shoulJ, by any accident, give way, it would lease a pari 
of thtf fouhdabon without any support, 

When the sand under the bed is hable to injury from springs 
ihey must be cm off, and a platform, or, Blill better, an area of 
beton ahould compose tiic bed, and this should be confined on all 
sides between walls of stone, or beton sunk below the bottom of 
Lhe bed. 

374. U, in opening a trench in sand, water is found at a slight 
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JcpOi, and in siich quantity as to impede the labors of the work- 
rtiL'n, and the treiicli canmil he kepi dry l>y the use of pumps w 
Koops, a row o( sliccting piles must he linvcn on each side of 
ihe space occupied by il, somewhat below the bottom of tlie bed, 
ihe sard on tliie outside of ihc alieeting piles be thrown out, and 
its place fiJlcd witl) a puddling of clay, so form a watcr-tigbt cn- 
cJosiire round the treiic!;i. The eieavnlion for tlie bed is then 
tfommr'nc'd ; but if it be found thai l!ic water still makes rapidly 
St ihc bi>lorn, only a small portion of the trench must be opened, 
and after 'he lower courses are hid in this portion, the cjtcavalioti 
will lie y »du!illy effected, as fast as the workmen can execute 
tlifi work wuhoul difBcully from tfiJ^ water, 

375. I'^v beds of foundations in compressible aoils require pe- 
niliar care •■•rticularly when the soil is not Iiomogeneous, pre- 
wnling ttior^ 'e$i3tance to prc&sure in one point than in another ; 
for, in thai ot*. it wll be Tcry difficult to guard againal unequal 
lettling. 

376. In ordif-v- ''lav. or earth, a Ircnch is dug of the proper 

width, and deep eiorli to reach a slratuni, beyond the action of 

frost; ihe boUom of t^c ircnch is then levelled off to receive the 

fDundation. This mav 'te kid immediately on the biittom, or 

■else upon a grillage an-" j^a'/orm. In the first case, the atones 

ianaing llie lowest cquti^, sbould be firmly settled in their 

beds, l^"" mmmirag ihcm with i 'ery heavy beetle. In the second 

a timber ffrating. termed a fifiUs'^^e (Fig. 12,) which is formed, 

of a course of hea^y beams laid l-njrtliwise in the Ircnch, ani* 

connected fimily by crosa pieces ip'o which they arc notched, is 

firmly settled in the bed, and the earth i ' solidly packed between 

llie longitudinal and crosa pieces; a flooiing of thick planks, 

termed a platforni, ia tlien laid on Uie ^''-isge. to receive the 

lowest course of the foundation. The objej>^ i. the grillage, and 




Fig. 12 — HrfiTPBfnfa Uie MrM||Hi» 

|ila(tuTiii litlwlaa [idai. 
A, moHjury. 
aic, pilra. 
b, sttliij piteet. 
e, woe piPMB. 
J, CBIH.iiit [lieca. 
e, plnllU'nnorplaulL 
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plMfomi. is to dilTu&e the weight more uniformly ma. 
nee of the Ircnch, to prevent any part from yielding. 
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377. HepcaUxl fuiures id giilk^ and pUUbmu, arising eithet 
from the compr^fisioD of \hc wooilv tibre, or ir^tm a transveraa]] 
Mrain occaflioned by lite subsoil oDeiing au uDeqiial rfipt8lance«j 
have impaired conlidence in iheir effifracv- Knginrers now pre J 
fei beds fonned of an area of betou. as ofTtrrui^ luor? secunly Qiao 
any bed of timber, either in a uiiifomtly, or unequally couijtreASH 
bl« soil. 

37d. Tlie preparation of an area of beion for the bed of a 
fouiKlalioD, will depend on tbe circumstances of ihe caw. In 
ordinary caae» the beton is thrown into Uic trench, and carefully 
rammed in layer* O'f 6 oi 9 inches, unlil the mortar collccu in a 
«emi-flujd state on the lop of the layer. I f ibc base of llie bed is 
to be broader than the top, its aides must be confined by boards 
fluilably arranged for tliia puipoac. Whenever a layer is left in- 
complete at one end, and another i» laid upon it, au oSaqI sUoald 
be left at the unfinished extremity, for the purpose of connecting 
the two layers more fimily when the work «n ilio unfliiislicd part 
is resumed. I 

Considerable economy maybe effected, in the quantity of be-1 
ton required for tlie bed, by using large blocks of stone which^ 
should be so disliributed throughout the layer, that tlie beetle will 
meet with no dtthculty in settling the bcton between and around , 
the blocks. ^M 

When springs rise ihroucb the soil over which the belOD is ta^| 
be Mjread, tlie water from tnetn must cither be conveyed off by 
ariihcial channels, which n'ill prevent it rising llirough the mass 
of bclM and washing out the lime ; or else alrong cloUi, prepared 
8o aa to be impermeable lo water, may be laid oyer the surface ^^ 
of the soil to receive the bed of beton. ^M 

The artificial channels for conveying off llie water may be ^H 
formed eitlier of slone blocks with seini-cylindrical channels cut 
in them, or of scEini-cylindcra of iron, or liles, as may be most 
convenient. A sufficient number of these channels should be ^i 
formed to give an ouLlel to the water a^ fast as it rises. ^M 

An impermeable cloth ntay be formed of stout canraes, pre- ^^ 
pared witli bituminous pitch and a drying oil. It is well to have 
the cloth doubled on each side with ordinary canvass to prcTCItl 
accidents. The manner of settling the cloth on the surface of 
the aoi! must deirend on the circunistances of the case. 

Eacii of the foregoing e.\pedients for preventing the action of 
springs on an area of beton. has been tried with success* When 
artilicial channels are used, tiicy may be completely choked sub- 
sequently, by injecting into them a scmi-lluid hydraulic cement,] 
and the action of the springs be thus djstroycd. 

Foundation beds of bctwn are frequently made witliout exhaust* j 
ing the water from (he area on which l hey are laid. For thill 
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pnqiose the bclon U thrown in layers over liie area, by using 
«ithtr a vroodm conduit rea^hin^ nearly to the position ai liio 
layer, or else by platinc the beion (Fi^ 13) in a box bv wtiich il 
i» lowered lo the position of the layer, and from which il is dc- 
posiiexl so as noi to permit the water to separate tbe lime from 
the other ingredients. 
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Should it be found that springs boil up at the bottom, it must 
be corered willi an impermeable clotli. 

379, In marshy swiU, the principal difficiiJly consists in form- 
mg a b*d BulEciently firm lo gire stability to the stmclure, owing 
to the yj(^Min^ nalure ol the soil in all directions. 

The following are some of the dispositions llial have been tried 
wiUi success in this ca,se. Short piles from 6 to 12 feet long, 
and from 6 to 9 inches in diameter, are driven into the soil &% 
close together as tliey can be crowded, over an area considerably 
greater than that whirh the structure ih to occupy. Tlie heaiU 
of the plies are accuratfly brought to a level to receive a grilUge 
and platform; or else a layer of clay, from 4 to 6 feet tliiclc, i> 
laid over the area thus pr>iparcJ with piles, and is either solidly 
taouncd in layers of a foot thick, or submilled lo a very heavy 
preasufe for some time before commencing the foundations. Tlie 
ohjeici of preparing the bed in this manner, is lo give tlie up- 
per stratum of the soU all itit firmness possible, by suhjectin^ 
Il lo a strong compression from the piles ; and when tins has 
been effceted, lo prticurP a firm bed for the lowest course of the 
foondation by the grillage, or clay bed; by these meana the 
whrtin pressure will be uniforralv distributed througlioui the en- 
ijm :irea. Xhis case it alao one in which a bed of beion would 
replace, with great advantage, either the one of clay* or tiie 
grillage. 

The purposes lo which the ehorl piles are applied in tliis case 
ia diflcrcnt from the object lo be attained usuafly in the employ 
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ment of piles for foundations ; which is to transmit the weight of 
(he structure lliat rests on the piles, to a finn incompressible soil, 
overlaid bv a compressible one, that does not oner sufficient 
firmness for the bed of the foundation. 

3S0. When a firm soil is overlaid by one of a conopressible 
character, and its distance below the surface is such that it can be 
reached by piles of ordinarv' dimensions, they should be used in 
preference to any other plan, when ihej- can be rendered durable, 
on account of ihcir economy and the security they afford. 

To prepare the bed to receive the foundations in this case, 
slrons piles are driven at equal distances apart, over the entire 
area on which the structure is to rest. These piles are driven, 
until thcv meet with a firm stratum below the compressible one, 
which otVers sufficient resistance to prevent tliem from penetra- 
ting farther. 

a>l. Piles are generally from 9 to IS inches in diameter, with 
a tenglli not above 'JO limes the diameter, in order that they may 
not boikl under l)io stroke of the ram. They are prepared for 
driving, l)y stripping them of their bark, and paring down the 
knots, so ihai the friction, in dnvinir, may be reduced as much as 
possible. The head of tlie pile is usually encircled by a stroog 
noo)> ol wrought irozi. to prevent tlie pile from being spHt by the 
action of the ram. The fool of the piJe mav receive a shoe 
formed of ordinary- boiler iron, well fitted and spiked on ; or a 
cast-iron shoe of a suitable form for penetrating the soil may be 
cast around a wrought-iron bolt, by means of wwch it is fastened 
to iJie pile. 
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■i"'^~" i'^ '"^<^"'''»'^. lomieil a pile cnffinr, is used for driving 
piles. It consists e.«sentiallv of two uprights firmly CMinected 
at to], by a cross piece, and of a ram, or monkey of cast iron, for 
onvin- ilie pile by a fori>> of peirussion. Two kinds of en- 
>rines are m use ; Qio one lennrtl a crab eneitif, from the ma- 
e.uneiv used lo l,oisi i],c ram lo the heichi from which it is to 
all on llie pile ; xho other the rin^vur cn^,„c, from the monkey 
t-Z ra.s.M by ,he .»ddon pull of several men upon a rope, 

|ile "'" '" """ "'' ''' '^'"^ *'*^' **• ****^°^ °" ^« 

riu- erab en«ino is by far U.c more powerful nuchine. but on 




PODMATION*. 



ISl 



thic account ia inapplicable in aome caaes, as in tlie driving of 
cast-iron piles, where ihe force of the blow might destroy t!ie 
pile ; bUo in ]ong slender piles it may cause the pile to apiing sa 
I reach ha to prevent it from ciiterin? tlie subsoil. 
H The manner of ciriving piles, and iJie extent lo which ihev niay 
^Vbe forced into the (subsoil, will depeml: on local ciTcumsMnccs. ft 
'Bometiines happens ifiat a heavy blow will effect less than several 
slighter blows, and that piles aller an inlen'al belwei'n siicci^ssive 
Tolleys of blowSf can with difficulty be slarted al firal. In some 
cases the pile breaks below the surface, and continnea to ^'icld to 
the Mows, by ific fibres of the lowei" eMremity being crushed. 
These difficulliea ref^uire rarefiil atlcnlion on ihe piirt i>f the en- 
gineer. Pilca should be driven to an iinyioldiiig subsoil. The 
French civil engineers have, however, adopted a nile tu stop 
the driving when the pile has arrived al ils ohsohtip stiippage, 
this being measured by the f;irthcr peiit'tTalion inlo the subsoil 

»oi about i^jths of an mcJi, caused by a volley of thirty blows 
from a ram of SOO lbs., falHng from a height of 5 feel al each 
Wow. 

383. If the head of a pile has to be driven below the level to 
wliich the ram deacemla, another pile, termed a puncfi, is used 
for the purpose, A cast-iron socket of a suitable lorm cnibraccB 
Uie head ol the pile and the fool of the punch, and the effect of 
the blow is thus transmitted llirough the punch to the pile. 

384. When a pile from breaking, or tinv otfier cause, has lo be 
drawn out, it is (lone by usinji a long beam as a lever for the pur- 
pose ; the pile being aUaehed to the lever by a cliain, or rope 
suitably adjuaied, 

365, The number of piles re<)uired, will be regulated by the 
weight of the stniclurc. An allowance of 1000 potinds on each 
squAic inch will ensure safety. The least distance apart, at 
which the piles can be driven willi ease, is about 2^ feet bptween 
their centrRS. If they are more crowded than this, they may 
force each other up, as they are successively driven. When this 
is fjpund to take place, the driving siinuld be commenced al the 
centre of the area, and the pile should, be driven with the butt end 
downward. 

386. From experiments carefully made iti France, it appeari 
thai piles which resist onlv in virtue of the friction arising from 
the conipressiun of the soil, cannot be subjected with safety to 
load greater than one fifth of lliot which pUes of die same ditneit* 
sioDs will safely support when driven into a firm soil. 

387. After tnc piles are driven, they are sawed off to a level, 
to receive a grillage and platform for the foundation. A largo 
beani, termed a capping, is first placed on the heads of tJie oui- 
aide row of piles, to which it is fastened by meana of woodetn 
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pins, or tree-naua driren into an augcr-IioU, made tiirDUgH Uk 
cup inlo ihe liead of cacti pile. After Uie cap is fitted, kmgiindi 

nal beama, tenaed string pieces, are laid leiiglhwiae on Uie lieads 
of cacli row, and rest at each CKtretnity on the cap, to which ibcj 
jirc fustonfjd by a dovc-lail joint and a wooden pin. Auolher scrie* 
of !>eiL(iia, termed cTOis pieces, are laid crosswiBe on the fltnng 
pieces, over the heada of each row of piles. The cross and emiig 
pieo<.'s arc corm'C^^lpd by a notch cut inlo each, so ihat, when pul 
IfLigitliLT, llicir upper surfacea may be on the same level, and lliey 
arc fiislened to tlie heads of the piles in llie same niamier aa tlie 
capping. The cxtreniiliea of liie cros* piecea real on the capping, 
and arL'- connected with it» like ihe string pieces. 

The platform is of thick planks laid over the grillage, with 
the cxlrcmily of each plank resting on the capping, to wbich. 
and to tlie string and cross pieces, ihe planks are fastened by 
natlf. 

The capping ia usually tliicker than tlie cross and atriag pieces 
by tlift ihickneas of Lho plank ; wben this is the case, a rabate, 
about four inches widt, must be made on the inner edge of the i 
capping, to receive the tnds of ihe planka. 

JSS. An objection, is. made to the platform as a bed for the! 
foundation, owinff to the want of adhesion between wood amlj 
raorlar ; from wbich, if anv unequal settling should take place, 
(hfl foundations would be exposed to slide off the ptalforra. To 
obviate lliis, it has been propo8i?d to replace the grillage and plat- 
form by a Uycr of bcion resting partly on the heads of the piles, 
and partly on the soil between them. Tliis means would fiirrish 
a firm bed for the masonry of tlic foundations, devoid of the ob- 
jections made to the one of timber. ■ 

To comiteraci any tendency lo sliding, the platform may be " 
inclined if there is a lateral pressure, ag in tlic case, for example, 
of llic anulinenls of an arch. ■ 

S6!l, In soils of alluvial formation, it ia corainon to meet withfl 
a siralitm of cluy on tlic surface, underlaid witli soft mud, in 
wJiicii i;ase, ilie Jriving of short piles would be injurious, as the 
leiiacily uf the slratiim of clay would be destroyed by the oper-j 
alion. Ii would be belter not lo disturb the upper struium] 
in tins case, but lo give it as much firmness as possible, by] 
raiiiunng ii with a heavy beetle, or by submitting it to a heavy 
pressure. ' 

390. Piles and sheeting piles of east iron have been used with | 
complete succeaa in England, both for the ordmaiy purposes of 
coffcrdinns, and for permanent stniclures for wharfing. Tlifl 
piles have been cast of a varicly of forms ; in aome cases ibev 
have been (^«t hollw fw the purpose of excavating the BoUj 
willutt llw pile as iL was driven, and tliuB facilitate its peiietratic 
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into the auhsoil. Fig, I5 reprcaenia a cross section of one of the 
more reccnl arrongeinciits of iron piles and. filieeiing piles. 
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391. Sand has also been used with advantage to form a bed 
for fcmndations in a very coniprcaaible soil. For this purpose 
a trench is (Fig. 16) excavated, and filled wiili sand ; tfie sand 
being spread in layers of about 9 inches, and each layer being 
GimR settled l)y a heavy beetle, before laying die next. If water 
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iould make rapidly in the trench, it v?ou]d not be practicaWe to 
' pack the sand in layers. Instead, tiierofore, of opening a trench. 
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Jd be made, by means of .1 short pite, as close together H 
ptBiCllCBb3i! ; when the pile is willidrawn from the hole, it is im- 
mediately filled witli sand. To cause the sand to pack firmly, il 
should be filighily moistened before placing it in tlie boles, or 
irench. 

Sand, when used in this wav, posaessea the valuable properly 
of aasuraing a new position of equilibrium and stabiUly, snoula 
ihe soil an wlijcb it ia iaid yield at any of it3 points. Not only 
does liiis taJte place along ibe base of the sand bed, hut also along 
the -edges, or sides, when these are encloEed by the aidoa of tbe 
trench made to rcceiTe tbe bed. This last poiul offers also some 
addilional security against yielding in a Interal direction. The 
bed of Sand muM, in all cgscs, rceciTe sufHcient thickness to cause 
the prcsstu-e on ila upper surface to be distributed over tlic entire 
base. 

392. When, from the fluidity of the soil, the vertical pressure 
nf the structure causes the soil to rise around tbe bed, tljis action 
may ba couwcracled, cither by scooping out llie soil to some depth 
around the bed and replacing il by another of a more compaci 
nature, well rammed in layers, or with any rubbish of a solid 
character ; or else a mass of loose stone may be placed over the 
surface exterior to the bed, whenever the character of the Btnic- 
ture will warrant the expense, 

393. Precautions against Lateral Yielding, The soils which 
have been termed compressible, strictly speaking, yield only by 
tbe displacement of their particles either in a lateral direction, or 
upward around the stnicturc Said upon them. Where Uiis action 
arises from the effect of a vertical weight, uniformly distributed 
over the base of the bod, tbe preceding mclliods for giving per- 
manent stability 10 structure, present all requisite securiiy. Bui 
when the structure is subjected also to a lateral pressure, as for 
example, that w!iich would arise from die action of a bank of 
earth resting against the back of a wall, additional means of secu- 
rity are demanded. 

One of the most obvious expedients in this case, is to drive a 
row of strong square piles in juxtaposition immediately in contact 
with tlic cilerior edges of the bed. This expedient is, however, 
only of service where the piles attain eitlier an incomprC$9tbie 
eoil, or one at least firmer than that on which tlie bed imme- 
diately rests. For othenvise, as is obvious, die piles only serve 
to transmit the pressure to the yielding soil in contact wilb tbcm. 
But where lliey arc driven into a tirm soil below, tliey gain a 
filed point of resistance, and the only insecurity ihey offer is 
either by the ruplurc of the pilCiS, from the cross elnnn upon 
thera, or from the yielding of die firm subsoil, from llie aatne 
cause. 
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In case the piles reach a &na subsoil, it will Lc besi to scoop 
aut the upper yielding soil! befnrc driving Ilie piles, and to fill in 
fcjelween iind around them with loose broken slonc, (Fig. 18.1 
Tliis will give Uie piles greater stiffness, and effectually prevent 
Uiem bom epicading at top. 



Fig. 19— Reprewnta tlic tnttoner of naiiig 

foakr aUiDe to «UBUili pilea and pf«V«iit 

llifiia from yieLiliiis lalciaJlj, 
A, ■eetion orihe muwiry. 
&, looBC Anu Uinnm kriMiu] the pitm a 



When the piles cannot be secured by attaining a firm subsoil, 
h wil] be better to drive tbetn around the area ai aonie distance 
frora ihe bed, ant), as a farther precaution, to place horizonlsl- 
buttresses of masonry at regular intervals from the bed to tlic 
piles. By tliis arrangement, some additional security is gained 
from the countcr-pTOBsuTO of the soil enclosed between the bed 
and the wall of piles. But it is obvious tliat unless the pilea in 
ibis case are driven into a lirmer soil than that on which the slruc- 

[lore re?ts, there wil! t^till be danger of yielding. 

la usiii? horizontal buttresses, the stone of which they arc con- 

fnracted ahouH be dressed with care ; their extremities near ihe 
wall of piles should be connecled by liorixoiital arclics, (Fig. 19,) 
lo dislrtoule the pressure more cniformly ; and where there is an 
upward pressure of the soil around the structure, arising from its 
weight, the bultressies ought lo be in the form of reversed arches. 
la buttresses of this kind, as likewise in broad areas resting on 
s Tery yielding soif, since as mucli danger is to be apprc]iended 
froai their breaking by their own weight as from any oilier cause^ 
it must be carefully guarded against. Something may be clone 
for ibis purpose by raruming the earth around the slnictuie witli 
& heavy uefiUe, when it can h<i made more compact by this nicam ; 
tr else a part of the upper soil may be removed, and be replaced 
b; one of a more compact nature which may be ranuued in 
layers 
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The following raetliods, wluire tliey can be reaorled to, and 
wliere the character of titc atruciure will justify ihc expense, have 
l>ecii Eourtd to offpr the besl seciiinly in the case in qticslion. 

Whon the bed can be bntlressed in ironX with an cmbankmcnl, 
a low counter-wall (Fig. 20) niay be built parallel lo the edge of 
llie bed, and some 10 of 12 feet* from it; between lliis wall and 
the bed a reversed arch connecting ihc two may be built, and a 
BUrcbarge of earth of a compact character and well ranimcd, may 
be placed againsl Uic c&unler wall to acl by ils counter preastire 
against the lateral preasuie upon lite bed. 

Fig, 90 — ItppmrntBtlw nw«- 
ner of buttnagiiiB a BiiBtaiit- 
IDR if^ll ID fmul o/ tit« a£* 
tiun of a counter nrvmiiv of 

rarC* Irait^rnitU-vTlaUie vaU 

bv n ri^v^rsHl ofcfi. 

a, M^tidliOfnUidftlllillS WftJl. 

li. MTCtion of sjttainiaK wall 
el'cnib&nlfnitnl J. 

c, arclioii oi:' [If veraMJ aich. 

a, Ki'Flion of F'TTlianicrThral 
f m ID n ti icit cDiEiiU'r p waa a 
poirjpB. 

«, secLioa of cnibenkmeiit W- 
liinil sujAainuiR wait 

When the bed cannot be buttressed in front, as in quay walls, 
a grillage and platform supported on piles (Fig. 21) may be built 
to the rear from ihc back of the wall, for the piu-posc of support- 
ing the embankment against the back of tiic wall, and prevenlmg 
the elFect winch ita pressure on Uic subsoil might have in thrust- 
ing forward the bed of ihe foundation. 

tn addition to theae mtans, land ties of iron will give great ad 
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ditinnal secunty, when a. fixed point in rear cf the wall can hfl 
fouml to attach ihem finnly. 
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3W. Foundations in Wntcr. In laying foundations in wate», 

'two difficulties have to be overcome, both of which require great 

'ie»aiircc3 and care on the part of the engineer. Tlic first ia found 

in the means to be used in preparing the bed of the foundEilion; 

ftod the second, m securing the bed from tlic action of the wnicr, 

I to ensure the safety of the fciundnttons. Ti.e last is, generally, 

UiQK diflicult problem of ihe two ; for a current of water will 

anlly wear away, not only every variety of loose soils, but 

'■slso the more tender roeks, such as inost varieties of aand-s[one, 

and the calcareous and arttilltLceous rocks, particularly when they 

are stratified, or are of a fooae texture. 

395. To prepare the bed of a foundation in atagnant water, 
ihc only difficulty thmt presents itself is to exclude the water from 
the area on which the airucture is to reel. If the depth of water 
id not over 4 feet, tiiis is done by surrounding ihe area witli an 
ordinary water-tight dam of clay, or of some other binding earth. 
For this purpose, a shallow trench is fonricd around the area, by 
removing the soft, or loose slralum on llic bollora ; the foundation 
of the dam is commenced by filling this trench witii the clay, and 
the dam is made by spreading successive layers of clay about one 
tool thick, and pressing earh layer as it is spread, to render it 
tnore compi&ct. When the dam is completed, the water is pumped 
out from llie enclosed area, and the bed for the foundalion id pre- 
pared ns on dry land. 

396. When the depth of stagnant water ia over 4 feet, and in 
ninning water, of any deplh, the ordinary dam must be replaced 
by the coffer-dam. This conatruction consists of two r<^W» <rf 



I £9 



MASOKHY. 



nlank, terined sheeting piles, driren inio tlie soil yerticatiy, fann- 
ing Uiua a colTer work, between wliich clay or binding earth, 
termed the jittddiingt is filled in, lo form a water-tight dam to ex- 
clude the wu,itT from tlie area enclosed. 

The arrangemciLt, constniclion, and dicocnsions of coffcr-dani* 
depend on their apecific object, the depth of watei, and ihe nature 
of the subsoil on which the cotTer-dam resls. 

With regard lo ihc firat jjoint. tlie iviJth of the dara between 
tlie shet-tjng piles shotild be so regulated as to serve as a scaiToM- 
ioB for llic machinery and maleriaU requir&d about the work. 
This is peculiarly requisite where the coffer-dam encloses an iaola- 
led posiiion removed frojii the sliorc. The interior space enclosed 
by tlie dam should have ihe requisite capacity for receiving lh« 
bed of the f^mndaliona, and sucit malerials and machinery as may 
be required wilhin the dam. 

The width, or lliickness of llic coffer-dam, by which is under- 
stood the distance between Uic sheeting piles, should be sufficieni 
not only to be impermeable to water, but lo form, by Llie weight 
of the puddling, in combioation with tlie resistance of the timber 
Work, a wall of sullicient strength to resist the horizontal pressure 
of the water on li.c exterior, when the interior space is pumped 
dry. The resistance offered by llic weight of the puddhng to the 
pressure of the water can be easily calculated ; that offered by 
the timber work will depend upon the manner in which ttie 
framing is arranged, and the means taken to stoy, oi buttress ihe 
dam from the enclosed space. 

The most simple and the usual construction of a cofier-d^m 
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Fig. 39— RepmeniB « ^o- 
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(Fig. 52) consists in driving a roiv of ordinary straight piles 
iround the area lo be enclosed, placing iheir centre lines about 4 
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leet aaunder. A second row ia driven parallel lo the Hfsl, the 
respective jhIcs being the same dislanco apart ; ihe distance be 
tween the centre liiiiis of iht; two rows Iwing so regulaied as to 
leave the requisite tiiickncas heUvccn Uie sheeting piles for the 
dam. Tile piles of each row are connected bya Iionzontal beain 
of square limber, termed a string oj with pii^cc, iiliiced a foot or 
two above tlie higlieal uiilcr line, and notched ana bolted to eacb 
>de. The string pieces of i|ic inner row of piles is placed on tlie 
iide nert lo tlie area cnclosEd. and those of the outer row on the 
'ontftide. Cross beams of square timber eouriect the string pieces 
of the two rows, upon which ihey arc mitchcd, serving bulli lo 
prevent tlie rows of piles from spreading from the pressure thai 
jnay be t[irown on tliern, and a* a joisting for the .'?cafti>lding. C'u 
llie opposite sides of the rows, interior atring pieces arc placed, 
■about the same level with the exterior, for the purpose of serving 
both as guides and supports for the aheeting piles. The sheeting 
piles being well jointed, are dibven in juxlaposiiion, and iigainat 
the interior string pieces. A ihiixl course of airing, or niiboit 
^^picces of anialler acointling confine, by means of large spikes, the 
^Bhceting piles again&t the interior siring pieces. 
^H As has been slated, the thickness of the dam and the dimen- 
^Hiiuns of the limber of which liie coffer work is made, will depend 
^Kipon the pressure due to lIlo head of water, when the interior 
^Kpace is pumped dry. For extraordinary depths, the engineer 
^Bn-ould noi act pmdciitly were he lo neglect to verify by calcida- 
lion the eijujlibnuni between the pressure and rcsislancL'^ ; but for 
(miinar)' depths under 10 feet, a rule followed ia lo make the 
thiekneas of the dam 10 feet ; and fur depths over 10 feet to |five 
an atiditional thickness of one fool for every additional depth of 
lliree feet. This rule will give every secimly a^inst fiUrations 
through the body of the du.m, but it might not give sulEcienl 
BtrcQ^th unless the scantling of the coffer work were suitably in- 
creased in dimensions. 

In very deep tidal water, coffer-dams have been made in off- 
Mt«, by using three rows of sheeting piles for the purpose of 

firing greater ihickiicss lo the dam below t!ie low-wntcr level. 
Q such cases strong wijiiarc piles closely jointed and tongued and 
grooved, should be used in place of the ordinary sheeting pilrs. 

Besides proviiiiiig against the pressure of the head of wjiler, 
■uitable dimensions must be given to the sheeting pdcs, in order 
dial tliey may sustain the pressure arising from the puddling when 
the interior space is en;ptli:d of water. This pressure agairtsl iha 
inlerior sheeting piles may be farther increased by that of the c\ 
lerior water upon the exterior sheeting piles, should the pressure 
of the lallcr be greater tliaii the former. To provide more 96- 
[ wrely against the eifeci of llicsc pressures, intermediate string 
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pieces may te placed against ihc interior row of pile* before Ha 
Dhectiivg piles are driven ; nnd ilie opposite sides of the dain on 
the iii(i;rior iiifiy be buttressejl by cross pieces reaclung across Uw 
top slrini; pi«ceB, ami by hurizonlal beaois placed at inlfraiodiatB 
pvinCs belwcen the tup and boUom of the dun. 

Tlic iniiin inconvenience met witli in tofler-dams arises from 
tjic dilliciilty of prcvcrling lealjage under lliu dam. In all caaes 
tlic piles niuat be driven into a firm slraUim, and tlie sheeting 
piki! should enualiy bave a. firm fooling in a tenacious compact 
flub-slralum. Wiitrn an excnvalioii isicqiiisiti-- &n die interior, to 
Ulicorer lliv subswl on which the bod of the foundation is to be 
laid, liie sheeting piles shoidd be driven at least us deep as this 
poinr, and aoinewfiat below it if the resistance oitered lo iJii: 
liriviiij; does not prevent it. 

The puddling should be formed of a mixture of lenscious clay 
and 5Q.nd, as this mixture seiilcs bctier llian pure clay alone, 
Before iibciiig ihe puddhng, all the aoft mud and loose soil be- 
tween the shupting piles should be carefully extracted ; tho pud- 
dhng should be placed in and compressed in layers, care being 
taken to ai^late the water a» little its practicable. 

With requisite care cofTcr-dams maybe used for foundations in 
any dr-plh nl' wsilor, provided a waler-lighl bollominff can be found 
for the jinddliiig. tJandv boiloms offer the greatest difficulty in 
1I115 rcspecl. and when tlie deplJi of water is over 5 feel, extraor- 
diuary piecjiutioiis arc requisite to prevenl leakage under the 
puddling. 

VVIiLii iln- Jeptb of waier is over 10 feet, particularly whcrt 
tho boiliim is otmpjioscd of several feel of soft mud, or of ioaan 
soil, below whicii it will be neccssarj' to excavate to obtain a. finu 
Hlraluni fur ihe bod of the foimdalion, additional precailtion^J will 
be rcqiiisiie to give sufficient support to the interior sheeting nil; a 
ftgauist the pi-e»sure of tlie puddling, 10 provide agamsl leakage 
under Ihc puddh.ig, and to strengljicn ihc dam against the pres- 
sure o( iho exterior water, when llie iiuerior space is pumped dry 
iind Mcavuted. The In-st means for these ends, when the locaf- 
ay WHI (ul.ait of Uie.r application, i» to fonn the exterior of the 
dam, a, !ms already been described, by using piles a.id sheeljpa 
pilw. nn ui^ u. ihc laiier addition*! nni„., ,,f% ' * 
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serving as supports for the slieeting piles, must be on the sides of 
the upriglUs towards the puddling^, and iheir faces in tlie same 
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Tertical plane. Between each pair of opposite uprights, horizon- 
la] shores may he placed al llie points opposite the position of llie 
string pieces, to increase the Tcsislaiice of [be dam lo tlie prtssure 
of tlie wiiter; the top shores extending entirely across the dam, 
and being notched on the lop string pieces. The interior sliores 
must be so urnuigcd thai they can be readily taken out as the 
masonry on the interior is huiU up, replacing lliem by oilier shores 
resting aoaitist ihii masonry itself. 

397. When the bed of a river presents a rocky surface, nr rock 
crwered with but a few feet of mud, or loose soil, cases may occur 
ii) which it will be more economical and cqnally ?afe to lay a bed 
of bcion without exhausting the water from Ine area lo Lc built 
on; enclosing the area, before throwing in the beton, by a simpre 
coffer work formed of a strong frame work of uprights and liori- 
zontal beams and sheeting piles. The frame work [Fig. 24) in 
this case is composed of unriglita connected by string pieces in 
pBtn ; each pair is nolclica and bolted lo the upriglits, a sufficii-nt 
inlerval being left between them lor ihc insertion of the shceUng 
piles. To secure the frame work la ihe rock, it may he re- 
qitisile lo drill holes in the rock to receive the foot of eacli iip- 
nglit. The holes may be drilled by means of a Ions iron bar, 
lenncd a Jumper, which ia used for this purpose, or else the or- 
dinary dicing bell may be employed. 1 his macluue is very ser- 
Ticeabic in all aimilar constructions where an examination of Work 
nnder water in requisite, or in cases where it is cecessaiy to lay 
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pilo* ua Uma 4xrftu into doAc contact with the 

rodt. ,■ 1 ^ 

SOS. Th* eeamtneooe and economy resulting from the use oi 
beflan for dw bedi of atnictam ni»d in w»ter,li»Te led t^encn^ 
Tmisauut W propoae > pl»n for lavitw beds of this maienal, and 
iht'B irt tok« Ml«mnttig« of ibeir stro^ wed impermeabaity Jo con- 
itnMt • ooAs^dun ttpon tWan, in onler to cany on the super- 
•meum -widi ucm esm. Toafl«cli>us,lbcspKetobc cccupqed 
by ihp hwl (Fi^ Wl is fin* enctw«d Iw sqii»re piles driTeii in , 
iuxlifioutwn ninti »ccurrd at lofi hj a suina wooe. The mud and j 
IboM wit «K ihm Mtxipc^ rrura Uw eaelomd area lo tlie &nn sc 
(« whirli rtw *t«* rt" ticu>n »? tw t* laid Tbc bed flf beton ia nei 
UM -tnWs \hf m»mI (^T«-auttv>». and nbxW it » alffl soft a atcw 
*tyw t^ n^ni |i«kM u tovcn wia ii, aim in juxtaposition, and ai' 
«wiiaW*<tiMiiM»«Mft Untac f« tbt dM^ae» of ibe dam 
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■ notched upon the stnng pieces, to secure the rows of piles and form 
a scaffoWing. An ordinary puddling is placed in between th& rows 
of piles, ana the interior apiicc is puiiiped dry. 

Should the soil under the bed of lieion be permeable, the prea. 
sure of ihc watti on the base of [he bed may oe sirfficienl to raise 
the bed and the dam upon il, when the water is lakcii from (he 
intenor space. A proper calculation will show whether tins Jan- 

• geris to be apprehended, and should it be, a provisional weight 
, must be placed on the dam, or the bed of belon, before exliaust- 
Ing ihe ititeri&r, 
399. When the depth of water is great, or when, from the 

E'rmeabihty of the soil at the boLlorei, it is difficult to prevent 
aka"e, a coffer-dam may be a leas economical method of laying 
foundallons tlian the caisson. The caisson (Fig. 26) is a atrontf 
Water-tight vessel havirte a bottom of solid heavy titnbcr, and 
rertical sides so arrangcu that they can be readily dplachcd from 
the bottom. The following is tlie usual ananfiement of the cais- 
son, it, hke the coffer-dam, being subject to changes to suit it to 
the locahty. The bottom of the caisson, serving us a plaiform 
fertile foundation course of the masonry, is made level and of 
hear; timber laid in juxtaposition, the ends of the beams being 
eoolined by tenons and screw-bohs to longitudinal capping pieces 
uf larger dimensions. The sides of the bux are u&ually vertical. 
The sides arc formed of upright pieces of scantling covered witll 
thick plank, the seams being carefully calked lo make the cais- 
son watcr-lighu The lower cnda of the upriglils are iiiaerlcd 
iDto BhoUow mortisea made in the capping. The arrangement 
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for detacliing tiie sides, is effecled in the following manner, 
Strong hooka of wrought iron are fixed to the boilom of the 
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caisson at the aideg of the capping piece, corresponding to the 
points where the uprights of the sioca are inserted into this piece 
Pieces of strong scantling are laid across the top of ihe caisson, 
resting on the opposite upriglils. upon which ihcy are notched. 
These cross pieces project beyond the sides, and tlie projecting 

fans are perforated by an augflr-liole, large enough to receive a 
olt of two inches in ianicler. The object of lliese cross pieces 
is twofold ; the first is to bnltrcss the sides of the caisson al lop 
against the exterior pressure of the water ; and the second is to 
serve as a point of support for a long boll, or rod of iron, with an 
eye at the lower end, into which ifie hook on llie capping piece 
is inserted, and a strew at top, to wtiich a mil, or female screw 
is lilted, and whicli, resting vn the cross pieces as a point of sup- 
port, draws (he boll tight, and, in that way, attaches the sides 
and bottom of the caisson firmly together. 

A bed is prepared lo receive ihe boUom of the caisson, by lev- 
elling the soil on wliicli the structure is to rest, if it be of a suit- 
able cJiaraoter to receive directly the foundation; or by driving 
large piles ihrougfi the upper compressible strata of the soil lo 
the l^rm straliini beneath. The heads of the piles are sawed off 
or a level to receive the bottom of the caisson. 

To settle the caisson on its bed, it is floated to and moored 
over It; and the masonry of ihc structure is commenced and 
earned up, unul llie weight grounds ihe caisson. The caisson 
should be so contrived, that it can be grounded, and aflenvarda 
raised^ in case thai the bed is found not lo be accurately levelled 
To effect ilus, a Bi»all sliding gate should be placed in the side 
of the CalMon. for the purpose of filling it with water at pleasure 
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By nieaiu of this gale, the caisson caii be fUted and grounded, 
and, by closing th^ gate and pumpuig out tlie water, it can be s6l 
loat. 

After the caisson is settled on its bed, and the masonry of ihfl 
Structure is raised above the surface of ihe water, ihc s»l«3 are 
detaclicd. by firat unscrewing the nuts and detaching the rods, 
and tlien taking off the top cross pieces, Bv tii^t liihng the cai9' 
■on with waler, ihis operation of delaching the sides can he more 
easily perfcrmed. 

4O0, To adjust the piles before lliey are driven, and to prevent 
liepa from spreading outward by the operalion of driving, a strong 

iting of heavy timber, formed by notching cross and longitudi- 
nal pieces on each other, and fasti^ning ihcm (irmly together, may 
be resorted to. This grating ia arranged in a aiinilar manner to 
a grillage ; only the square comparlmenls, between the cross and 
atnng pieces, are larger, so that they may enclose an area for 4 
or 9 piles; and, malcad of a single row of cross pieces, the 
grating is made with a double row, one al top, the otlier at the 
'bottom, embracing the string pieces on which they are notched. 

The grating may be fised in its position at any deplh under 

I Water, by a few provi$ional piles, to which it can be attached. 
401. Where trie area occupied by a structure ia very consJder- 
^le, and tJie depth of water great, the methods which have lima 
&T been csplained cannot be used. In such cases, a firm bed 
1b raadt; for the slmclure, bv forming an artificial island of loose 
heavy blocks of sUme, wliich are spri^ad over the area, and receive 
t batter of Crom one perpendicular to one base, to one perpen- 
dicular and six ba3«, according to the exposure of the bed to the 
effects of waves. This bed is raised several feet above the sur- 
face of the water, according to the nature of the etmcture, and 
the foundation is commenced upon it. 

402. It is important to observe, that, where such heavy masses 
are laid upon an untried soil, the slruclikre should not be com- 
menced before the bed appears entirely to have settled ; nor even 
thettr if there be any danger of further Bettling taking place froru 
tlie additional weight of the structure. Should any doubts arise 
on this point, the bed should be loaded with a provisional weight, 
(omewhat greater than that of the contemplated atruclure, and 
this weight may be gradually removed, if^ composed of otiier 
[natcrials than Uioae required for tlie structure, as the work pro- 
gresses. 

403, To give perfect security to foundations jn running water, 
the soil around ihc bed must bo protected to some extent from 
the action of the current, The most ordinary method of efTect- 
mg tliis, ia by throwing in loose raassea of broken atone of suffi- 
nent sae to resist the force of the curr'ml. This method will 
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give all roquired aecurily, where the soil is iml of a shifting cha 
meter, tike eand and gravi^l. To &ecurc a. soil of this last naturt, 
it will, in some cases, Ije necessarj' lo scoop out the boHom aroand 
iha hi;d 10 a dcjjlb of from 3 lo 6 feet, and to fill ihis excavated 
part with betcin, the surface of which may be protected from the 
wear arising from l.lie action of the pehbJcs carried over il by the 
current,- by covering il with broad flat flagging stones. 

404, When llie bottom is composed of soft mud to any grcst 
dcptli, il may be proiecte<I by enclosing ihe area wjlh e&ecling 

{)ile», and then filling in the enclosed space with fragments of 
oosc slone. If the mud is very soft, it would be advisable, in 
ihe (i/at place, to cover the area with a grillage, or Tvith a layer 
of brushwocxl laid compactly, to serve as a bed for the loose 
atone, and thus form a more atable and solid mass. 
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405. Under liiis head will be comprised whatever relates to the 
manner of determining the forms and dimensions of ihc niosl im- 
portant elementary components of structures of masonry, togelLei 
willi the practical details of iheir construction, 

406. roiindation Courses. As the object of the foundations is 
lo give greater alabililv to the structure by dilTusing its weight 
over a broad surface, llicir breadth, or spready should be propor- 
tioned both lo the weight of the struciure and lo the resistance 
offered by the subsoil. In a perfectly unyielding soil, like haitl 
rock, there would be no increase of stability by augmenting the 
base of the structure beyond what woui<i be strictly necessary id 
its stability in a lateral direction ; whereas in a very compressibl^ 
soil, like soft mud, it would be necessary lo make the base of 
foundalion very broad, so that by diffusing the weight over a grei 
purface, ihe subsoil may offer sufficient resistance, and any 
equal eeltling be obviated. 

407. The thickness of ihe foundation, course will depend 
the spread j the baae is mode broader than the top from motivi 
of economy. This diminution of the volume (Fig. 27) is mad 
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either in steps, termed offsets, or elae by giving a uniform bat 
from the base to the top. The latter method is now general!] 
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OMtad ; it presents equal subutr with lae icfrsn- •wna a KUiSa 
▼*«luine, 

"When the fDUodation has lo reKst ocJt s Tpnxal fCPSFcrr. aa 

emial batter is gixen to ii ot esoh snie ; ■:>i;: -J i: ia* r: r«:« also 

a lateral effort, Ihe spread sho'jl-i i>e rr^aier rn tit «>if :■: -rosed 

Ui ihis effort, in order lo rejist its leaie-acy. wLic- wc-tJi i>e 10 

'^■A.use a yielding on that side. 

406. The bottom course of i*»e l.^ndau-ras is tiSUilr f-Tmotd 
of ihe largest sized blocks, rouzr.iv dressK: c5"w:'j-, ibe :.i:r.inrr; 
but if the bed is compressible, or the siiiiacts ol' "j^e ':l:<-ks are 
wiiiiling, it is preferable to use b'ocks oi a sma'.l size fc-r ibe bot- 
tom course ; because these smiii bJocks can be finniv settled, br 
means of a heavy beetle, into clc-s-^ conuct with ihe *>eG. whicli 
cannot be done with large sized blocks, parucular'.v ;l' their undei 
surface 18 not perfectly plane. The next course aSove the bottoOi 
nie should be of large blocks, to bind in a firm manner the smallei 
^kicb of the bottom course, and to diffuse tlie weight more uni 
fonnly over them. 

409. When a foundation for a structure rests on isolated sup- 
ports, like the pillars, or columns of an edifice, an inierled or 
counter-arch, (Fig. 28.) should connect the top course of the 
fwndation under the base of each isolated support, so thai the 
pressure on any two adjacent ones may be distributed over the 
«d of the foundation in the intenal between them. This precau- 
tion is obviously necessary only in compressible soils. In incom- 
[sesBible soils it would be alone requisite lo earn' up the courses 
■ mimediately below each support with great care, to present a 
flible bed for the base of the support. 
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The reversed arch is also used to give greater breadth to the 
foundations of a wall with counterforts, and in cases where an 
upward pressure from water, or a semi-fluid soil requires to be 
counteracted. In the former case the reversed arches are turned 
tmder the counterforts ; in the latter they form the points of sup- 
pott of thp walls of the structure. 

410. The angles of the foundations should be formed of the 
most massive blocks. The courses should be carried up uni 
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formlv tliroughoul the foundati'on, to p-event un>&qiiA lettlii^ ii 
the mass. 

The stones of the lop course of the foUnda,lion shoii i be e^\& 
cienlly large to allow tae course of ihe sHperstruclure next abo" 
.tO Wst on the oxtcrior stones of llie lop course. 

411. Hydraulic mortar should be used for the foundations 
and die upprr courses of llie structure should not be commeiiGe 
until the mortar has partially set Uiroughout the entire tound> 
lion. 

4 1 'i. Component parts of Sfructures ef Masonn These m i - 
be divided into several classes, according to the efforts ihey suv 
loin; their forms and dimensions depending on tiiese efforts. 

Ist. Those which sustain only llicir own weight, and are m^ 
Uable to any cross strain upon the blocks of wliich they ar 
fimied. as the walls oT enclosures. 

2d. Those which, besides their own weight, sustain a vertica 

Eressure arising from a weight borne hy Uicin, as the walla of ed 
ces, columns, the piers of arches, &.c. 

3d. Those wliich sustain lateral pressures, and cross sirair 
upon l!i« blocks, arifiing from the action of earth, water, framea 
or arcliea. 

4lli. Those wliich sustain a vertical upward, or downwaid 
pressure, and a cross strain, as arca$, lintels, iic, 

5ih. Those which transfer the pressure they directly rcceiva 
to lateral points of support, as arches, 

413. Walls of Eftclasures. Walls for these purposes may be 
built of brick, rubble, ordrj' stone. 

Brick walls are usually ouilt vertically upon the two faces; 
their thickness cannot be less than thai of one brick. A wall of 
one brick and a half thick will serve for any length, [vovided iho ■ 
licislit be not over 15 or 20 feet. ■ 

Rubble stone walls should never receive a ibickness less than 
liS inchts when the two faces are vertical. Rondelcl, in hia work 
TATt de BAtir, lays down a rule that ihe mean tlackness of bolh 
rubble and brick walla should be j\ of their heiji^Iit. 

Drj' Htonc walls should not receive a less thickness than twi 
feet. When their height escccds 12 feet, llieir mean tliicknes 
should be ^ of the heiglit, 

Stone walls are usually built with sloping faces. The butter ' 
Bhould not be greater, when the stones arc cemented with mor- 
tar, than one base to six perpendicular, in order that the rain may 
run rapidjy from the siirlace, and that the wall be not too niucK 
exposed to decay from iJic germination of seeds which may lodgeJ 
in the joints. 1 

The batter is arranged cither by building the wall in offsets 
from top to bottom, or by a umform surface. In cither case, th« 
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thickness of ihc wall at rop aliould not be leas than from 8 to IS 
inches. 

When a wall is built with an 'cqual bntter on each face, and ihc 
lliiclciiess at the top and the mean thickness are fiied, the base of 
the tooi/, or its tliickneas at the bottom, will be found by subtract- 
ins the fhurhness at top from twice the mean thickness. This 
nife «videnily makes the bailer of ihe wall depend upon the two 
preceding dimensions. 

The mean thickness of long walls may be advantageously 
■iinnniabcd by placing CountCfforU, or buMr«3ses, Upon each fare 
;U cijual distances along the line of the wall. These are spurs 
nf masonry projecting some length from the wall, and are firmly 
connected wtlh it by a suitable bond. The horizontal section of 
the counterforts may be rectangular ; their height should bo llic 
same as that of the wall. 

In rubble wall the counterforts may be made of hammered, or 
cut stone. In addition to this means of strengthening walls, hon- 
zoulal couraes, or chaina of dreased stone may be advantageously 
used from distance to distance, from the bottom of the wall up- 
ward. 

414. Verticai Sti-pports. These consist of walls, columns, or 
pillars, according \o circutnalanceg. The dimensions of the 
courses of masonry which compose the supports should be regu- 
liiied by the weight borne. If, as in the waits of edifices, the 
resultant of the efforts sustained by the wall should not be verti- 
aust not intersect the base of the wall so near the outer 
Lt the stone forming Uic lowest course would be in danger 
7eing crushed, 

in broad enclosed spaces covered at top, the dimensions of the 
may be calculated as m the case of ordinary enclosures, and 

! <tiniensions thus obtained be increased in proportion \o tbo 
weight to be borne. 

Cross walls between the eiterior walls, as the parlhion walla 
of edifices, should be regarded as ccunterforts which strengthen 
ihc main walls. 

413. Areat. The term area is applied to a mass of masonry, 
uaually of a uniform thickness, laid over t!ic ground enclosed by 
the foundations of walls. It seldom happens that areas have an 
upward pressure lo susUun. Whenever this occurs, as in llic 
case of ine boltoms of cellars in communication with a head of 
water which causes an upwTird pressure, the thickness and ar- 
mngemenl of the area should be regulated to resist this pressure. 
When iho pressure is considerable, an area of uniform thickness 
fna.y not be sufficiently strong to ensure safety; in this ca« nn 
inoerlcd arch must be used. 

416. Retaining, or Sustaining Walls. These torme are if^ 
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plied to walk wiiich sustain a laleml {)resBure from an crobanlc 
ment, or a }icad of water. 

417. Retaining walls may yield by sliding either aloDg the 
bU'C of liie foundation courses, or along one of the horizooial 
joints, or by rotation about tlie exterior edge of some one of the 
iiorizonlal joinla. 

418. The detcnnination of the form ajid dimensions of a re- 
taining wall for an embankment of earth is a problem of consider- 
able intricacy, and the rrwilieroilical solutions which Lave bmen 
given of it hare genera.;y been coadned to particular cases, for 
which approximate results alone have been obtained ; these, how- 
ever, present suffiriciit accuracy for all practical purposes within 
the limits Ut which the solutions are apphcable. Among the many 
solutions of this problem, those given by M. Poncelet of the Corpa 
of Frt-iich Military Endneers, in a Memoir on this subject, pub- 
lished in the Manoj'ial dc 7 Officier du Gcnte, No. 10. present 
a degree of research and completeness which peculiarly charac- 
terize al] the writings of this gentleman, and nave given to hi& 
productions a claim to the fullest confidence of practical men. 

Tlie following fommJa, applicable to caaea of rotation about the 
cilerior edge of the lowest horizontal joint, are taken from the 
memoir above cited. 

Calling H, Ihe height BC (Fig. 29) of a wall of uniform thick- 
ness, the face and bttck being vertical. 
G»— ■ 
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A, the mean height CG of the embanltmenl, retained by the wall, 

above llie top of the wall, 
■;, the herm Dl, or distance between the fool of the embankmem 

and the outer edge of the lop of tlie wall. 
a, the angle between the line of the natural slope BN of the earth 

of th« embankment and the vertical BG. 
/= cot. a, tlie co-oiBcient of friction of ttio eaith of the embank 

ment. 
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v, the weighl of a cubic foot of the earth. 
If.*', the weigln of a cubic fool of ihc miisotiry of the wall. 
h, ih? base \B, oi thickness of tlic wail at bottom. 
Then, 

6=0.74lan.i«V ^, (/( + !. ia6H}+0.04eS&- 0.56c lan.oc4 

The above formula gives the value of ihc base of a wall with 
vertical faces, within a near degree of approsimaiion to the trufl 
result, only when ihe values oi the (iiiitnlilics wliich enter into it 
are contiiieil wiiliiu certain tiiiiiis. 'L'hesc limits are as follows : 
for A, between and H ; c, betwcert and jH ; % between 0.6 
and 1.4, which correspond lo values of a of 70* and 33", beino 
ill the one case tlie angle which the line of the natural slope of 
very fine dry sand assumes, and in the other of heavy clayey 
euih : and (or w, between w, and ^i«'. Besides these limits, 
tho formula also reals on the assumption that tlie csccaa of stabil- 
ity of tlie wall over that of a strict equilibrium is represented by 
0.912 ; or, in otlicr words, that the iitomcnl of ihc prcasurc against 
the wall is taken 0.912 greater than the moment of siricl equi- 
librium between it and the wall. This excess of stability given 
lo ihe wall supposes an excess of reaisliuicc above the pleasure 
1 it equal lo what obtains in the retaining walls of Vauban, 
fortifications wliich have now stood the test of more than a 
century with securitv. 

419. Having by ifie preceding formula calculated the value of 
i for a vertical wall, iht base b' of another wall, presenting equal 
liability, but having a bailer on the face, the back being vertical, 
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^hich is llip usual form of the ctom section of retaining will*, 
can be calculated from the following notation and formula. 
- Calling (Fig. 30) &' the base of the sloping wall. 
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n = yTji llie batler, or ralio of I'tie l>ase of the »kpe 3 ihe 

peiidiciular, or lieigEit ortbe ivaJ. 
Then, 

420, Willi regard to sliding either on tlie base of the founds. 
tion courseSf or on ihe bed of any of the horizontal joinis of Ute 
walh M. Ponc^lcl &ho\vs, in the meinoir cited, by a comparison 
of ihc results olUaiiied from calculations made under the suppo- 
ffitions bo-ili of roiaiion and sliding, that no danger need be appre- 
hended from tlie lal^er, wlien the dtuiensinns are caEcutatea lo 
conform lo the former, so long as tf le limits of A are talten between 
and 4H ; particulttrly if llie precaution be taken lo allo-w the 
mortar of the masonry to set nrraiy before forming tlie embank- 
ment behind tlic walL 

421. Form of Section of Retaining Walls. Retaining walh 
have been buih with a variety of forms of cross section. The more 
usual form of cross scclion is tliat in wliicb the back of the wall 
i< built vertically, and the face with a batter varying between one 
boae lo si^erpendicular, and one base to twenty-four perpen- 
dicular. Tlic former limit liaving been adopted, lor tlie reasons 
already assigned, to secure the joints from the efl'ccta of weather ; 
and the latter because a wall having a face more nearly vertical, 
is liable In time to yield to tlie eltects of the pressure, and lean 
forward. 

4S2. The most advantageous, form of cross section for econo- 
my of masonry is lh« one (Fig. 31) termed a leaning retalniivg 
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wall. The counter slope, or revcrBed batler of the hack of ibe 
wall, should not be less than aix perpendicular lo one base. In 
this case strength requires that the perpendieulur lei fall from the 
centre of gravity of the seclior. upoji the base, should fail so for 
within tlic iinncr edge of the base, that the stone of llie bottom 
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ctnirie of lh« foundatioa may presenl sufficient surface lo i;ar 
ihe pre^suri; upon u. 

423. Walls with a cuireJ SaUcr (Ke. 33) boUi upon the face 
and back, have been used in England, by some engineers, for 
c^uays. They preseni no peculiar advantages in strength over 
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Walls witli plane faces and backs, aod require particiuar care in 
arrangine the bond, and fitting ihe stones or bricks of the face. 

424. Measures for increasing the Strength of Retaining 

(Walls. These consist in the addition of countcrforls, in the use 
of relieving arches, aiid in the modes of forming the enibank- 
menL 

425. Counlerfor^ give additional slrenglh lo a retaining wall 
in several ways. By dividing the whole line of the watl into 
shorter lengths between each pair of counterforts, ihey prevent 
llie liurizontaJ courses of the wall fronra yielding lo the pressure 
of Ihe oa,ith, and bulging outward between the exlremiticsi of ihe 
walls; by receiving the pressure of the eartli on the back of ihe 
crounteHbrt. instead of on the corresponding portion of iho back of 
the vfall, its effect in producing rotalion about iho exterior fool of 
Uie wall is diminished ; Uie sides of the counterforts acting as 
abulnicnta to the mass of earth between them may, in the case of 
Sand, or like soil, cause the portion of the wall between the coun- 
terforta to be relieved from a part of the pressure of the earth 
nehind it, owing In tlic manner in which the particles of 3and be- 
come buliTcsscid against each other when confined laleralEy, and 
offer a re$i3tatice to pressure, 

426. Tiie horizontal section of counterforts may be ciihcr 
*eclfingular, or trapezoidal. Wher placed against ih'p back of a 
wall, ihe rectangular form offers thi; greater stability in the case 
of rotation, and is more economical in construction ; the trape 
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soidal fomi ^ves a broailer and therefore a tinner coiineclion be- 
tween llic Wall and Counterfort than ihe rectangiilari a. point ol 
some consideration where, from ihc char^tcr of ine materials, the 
vUcnglh of this connection musl mainly depend upop the BtreD^ 
of the mortar used for the masonry'. 

427. Cuunlcrforts have been cKieflyusedbymililarycTigiiieets 
for the ri^laining watla of forliRcation?, termed revttemenls. In 
regulating ibeir form and dimensions, the practice of Vauban has 
been generally folliowed, which is to make the liorizontaJ section 
of the counterfort trapezoidal, making the height of the trapezoid 
e/", (Fig. 33,) which corrcsfjoncls to tlic length of the counlerfort, 
tioo tenths of /he height of the wall added to two feet, tlie baPc ol 
the trapezoid ab corresponding to thf junction oT the couiiierfon 
and baek of the waSI, one tenth of Ike height added to livo feet, 
and the side cd whicJi correaponda to the back of the counterl'on 
equal to two thirds of the base ab. The counterforts aic placed 
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from 15 to 18 feet from centre to centm aloiig the back of tfie 

wall, according lo the strength rer|uired, 

42y. In adding counterforts U> walla, the practice has gencrallv 
been lo regard them only as giving iidditional stability lo the wall, 
and not as a means, of diminishing its. volume 0!*^ masonry of 
wliich ilic addition of the counterforts ought to admit. Considered 
in tliis last point of view, the problem for determining bolli the 
suitable dimensions of the counterforts and ihc thickness of the 
corresponding wall, is one of very considerable mathematical 
difficulty, vvlioijc solution must repose upon aasuniptions iMadc ta 
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Co the manner in which the portions of the wall between the 
coDBWifom woold be likely to yield to ihe pressure upon them, 
tiie support which thev receive (roia the two counterfeits at their 
•xuenuties, and the stability which the counterforts add to the 
entire system in prercniing rotation. 

429. Relieving Arcket are bo termed from their preventing & 
ponion of the embankment from rcBting against the back of Uio 
inll. and thus relieving it from a part of the pressure. Thcy 
coonsi (Fi^. 34) of one or more tiers O'f brick ajcbes built upon 
«HUtteHMtt, whicl> act aa the piers of the arches. 
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Ln arranging a combination of reljpving arches mvi their piera, 
the latter, Dke ordinary counterforts, are placed about I'S feet 
apart between tbeii centre lines ; their length should be so regu- 
lated that the earth bchitirf them resting on the arches, and falling 
under them with ihc natural slope, alial! not reach the wall be- 
tween the arch and the foot of the back of tlie wall below ihe arch. 
The thickneee of the arches, as well as that of the counterforts, 
will depend upon the weight which the arches sustain. The 
dimensions of the wall will be regulated by the dccreaaed pre* 
■are a^inal it caused by the action of the arches, aud the point 
at which this pressure acts. 

430. Whenever it becomes neccasaiy to form the embankment 
before the mortar of the retaining wall has liad time to set firmly, 
rarious expedients may be employed to relieve the wall from the 
pressiire which the embankment, if formed of loose earth, would 
throw upon it. The portion of the embankment next to the wall 
may be of a compact binding earth placed in iiiyera inclining 
downward from the back of the wall, and well rammed ; or of a 
rtiff mortar made either of clay, or sand, with about jolh in bulk 
of lime. Instead of bringing the embankment directly against 
the back of the wall, dry sione, or fiiscincs may be laid in to a 
tnitable depth bark from ilic wall for the same purpose, The 
mciiution, however, of allowing the mortar to set finnly before 
naming the cmbankraent, should never be omitted except in caaea 
of extreme urgency, and tiien the bond of tlie masonry should be 
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arranged willi peculiar care, to prevent disjunction along any ol 
the horizontal JainU. 

431. Walls built lo sustain a pressure of water ahould be regu- 
lated in form and dimejiaiona lilic ihfi retaining walls of embaok- 
menls. The pruWoni in lliia case is one of less difiiculty ihaii 
in the olher, from tlie greo.t'ei simplicity of tlie jnalhematical 
fonnula for the pressure of water. The buoyant effort of iKe 
water must he taken iiilo account in tliis calculation, whenever the 
masoikry- is so placed as to be partially iinincraed to the water. 

432. Heavy walls, and even those of ordinary dimenfiionsr 
when espoaea to inoiBturc, should be laid in hydraulic mortal. 
iJronl lia« been Iried in laying heavy rubble walls, but with de- 
cided want of success, the successive drencliinga of the stone 
causing the sand to separate; from the lime, leaving when dry a 
weak porous mortar. \^ hen tile stone is laid in full raortar, grout 
[iiay be used wiUi advantage OVei each course, lo fill any Voids 
left ill the ma&s. 

433. Beton has frequently been used as a filling betweeTi the 
back and facing of water-tight walla ; it presents no advantage 
over walls of cut, or rubble slonc laid in hydraulic niorlar, and 
jausei) unequal settling in tlic parts, unless great care is taken in 
tilie construction 

434. When a Weigiil, arising from a mass of masonry or earth, 
reals upon two or more isolated suppoila, thai portion of it which 
is distributed over the apace, or hraring between any two of the 
supports, D3ay be borne by a block of stone, termed a li/Uel, laid 
horizontally upon t!ie supports, by a combination of blocks termed 
^ plaie-bandc, so arranged as lo resist, without diajunction, the 
pressure upon them ; or by an arch, 

435. Lintd. Owing lo llie slight resistance of stone to a cross 
strain, and to aliocks, lintels of ordinary dimensions cannot be 
used alone with safely, for bearing!) over six feel. For wider 
bearings, a slight brick arch Is tlimhii across the bi^riog above 
the lintel, and thus rehcvcs it fro.Ti the pressure of the parts 
above. 

436. Plate-bandc, The platc-batide is a combination of blockit 
cut in the form of truncated wedges. From tlie fonn of the 
blocks, the prOE^urc tiirown upon uiem causes a lateral pressure 
vrhich must be sustained cither by the supports, or by some oUier 
arrangement, (Fig. 35.) 

The plate-bandc should be used only for narrow bcahngs, as 
die upper edges of the blocks at tlic acute angles are liable to 
epiinlcr from the pressure, If the hearing exceeds 10 feet, the 
piate-bnnd!e should be relieved from [he pressure by a brick arch 
above it. Additional means of strengthening the plate-bande are 
ometimes used by forming a broken joint between the blocks, or 
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II projection made on the face of one block to fit into a corw 
indiiig indent in the adjacent one, or by connecting tlie blocks 
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Wlien. from any cause, the siippuris Liiniiot be made auffi- 
cicnlly strong to regist the lateral prcBsure of the plate-bande, the 
crtreine blocks must be united by an iron bar. tenned a tie, auit- 
ablv aJTangi3d to keep the blocks from yielding, 

437. Archei, The arch is a coinbinalion of ivedge-shaped 
bKx;k9, termed nrch stones, or noussoirs, truncated towards, the 
angle of the wedges by a curved surface which is usually normal 
.to the surfaces of the joints between the blocks. This inferior 
Surface of the arch is termed the tnlrados, of soffit. The upper, 
or outer surface of the arch is termed the e^tddos, or oucA, 
(Fig. 36.) 
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438. The extreme blocks of the arch rest against lateral Bup< 
t^koits, termed abutments, which su^stain both the vertical pressure 
Arising from llie weight of the arch stones, and the weight of 

Xi'hnievcr hes upon them ; also the lateral pressure caused hytlie 

Vction of iJic arc}). 

439. ill a range, or scries of aiclies placed aide by side, tbt 
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extreme auppoTts are termed ihc abuttncnts, the intennedi&le sap* 
ports wliicit suslain tlie tiilermetliaie arch«g and llic halves of tns 
two extreme ones are termed piers. When the size of the arches 
is the same, and tbeii springing lines are in the same horizontal 
plane, the piers receive no other prosBure bm that arising from 
the weiglil of the axchcs. 

440. Arches are classified, from the form of the soffit, into 
cylindrical, conicat, conoidal, warped, annular^ groined, clois- 
tered, and domes. They are also termed right, oblique, or askem, 
and rampant, from tlieir direction with respect to a vertical, oi 
hohzoiita] plane. 

441. Cylindrical Arch. This is tlie most usual and llie gim- 
pleai form of ajch. The sofil consists of a portion of a cylindri- 
cal surface. W3ien the section of the cylinder perpendicular to 
the axis of the arch, termed a right section, cuts from the surface 
a serai-circle, the arch is termed a /uU cerUre arch ; when the 
section la an arc less than a scmi-circIe, il is termed a segment 
arck; when tlie section givca a semi- ellipse, it is lerrocd an 
elliptical arch; when the section gives a curve resembling a 
semj-ellipse, formed of arcs of circles tangent to each oilier, the 
arch is teimed an ovait (Fig. 37,] or basket handle, and ia called 



^i 



../ 



fl*. 97— Repmenta an orsl cutfa M 
llirev crntroi, tJie aica of wllich bm 
tathw. 
DH, hpbo aliho aane, 
-^ AC,™*, 
-■* P, O, aod R, ceatna of Ibe kk» at 
W. 



a curve of three. Jive, &c. centres, accordling to the number ot 
arcs, which must be odd to obtain a curve symmetrical with 
-espcct to the vertical line bisecting it ; when the section is that 
of two arcfl of circles jrteraeclinff Jvt the middle point of the curve, 
it is termed a pointedy or an obtuse or surbased arch, (Figs. 38 
and 39,) according as the angle between the arcs at their imer- 
section is acute, or obtuae. 

A cylindrical arch is dersorainatcd a right arch when it is tet- 
minaled by iw^j planes, termed the heads of the archf perp*ndica 
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hr to the axis of the arch ; ^Uqut, or askev}-, when the headi 
are oblique lo the axis ; aiul rampant when the axis of the aich 
is oblique to the horizontal plane. 
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442. The chord of ihe curve of right Bection (aee Fig. 36) li 
le)mie<i the span, of the arch, ita versed sine the rise of the arch^ 
When the heads of the arch are oblique to the axis, liie chonl of 
«hc oblique section made by the plane of ilic heads is termed the 
*pan of the askew aection. The lines of the soffit coircspondina 
lo the eitremitics of the span are termed the ^ringing lines of 
Ute arch; the top portion, or line of the aomt, is termed the 
crown. The top slonc of the crown the key stone. The lino 
dnwn throui^h the mJtidle point of the span at the extremities of 
f the arch, is termed ihe axis of the arch,' 

' 443. The form of right section will depend upon the purpoacs 
which the arch is to serve, the locality, and the slyie of arcfiilec- 
ture employed. When the rise is less ilian lialf the span, the 
vcb is weakci than in eiilicr ihc full centre, or where the nse u 

• S« NoU C Appntdist. 




ISO 



UA&ONRr. 



greater ihan half the span. Tlicmcllitxls of deaciibingtlie rahotLA- 
curves of right section will be explaiii^d in the AppemJix. H 

414. The same generctl |irinciplc is followed in ajranging ih^^^ 
joints and bond of the masonry of arches, as in olher simclTires. 
of cut slone. The surfaces of ihe jointa should be normal to the 
surface of the soffit, and the surfaces of any two aystems ofjoiot* 
should be normal to each other at llicir hnes of interseclion. These 
conditions, with respect to the joints, will be saliafi^Mi by tracing" 
upon the soffit its lines of least and greatest curvature, and taking 
the edges of one series of joints to correspond with one of these 
aystems of liii-es, and the edges of the other series with tlie other 
system, tlie sui-faccs of the joints being formed by tlie surfaces ■ 
normal to the soEEl along the respective lines in question. When- I 
ever the surface of the soffit belongs to any of the famiLes of 
geometrical suriTaces, the joinw will be thus either plane, or de- 
velopable surfaces. In ihe cyhndrtcal arch, for example, the ^ 
edges of one series of joints will correspond to the elemenis of V 
the Cylindrical surface, while those of the other wdl correspond 
to the curves of riglil section, llie fonncr answering to the line ^ 
of least, and the latter of greatest curvature. The surfaces of H 
the joints wiU all be plane surfaces, and, being normal to tho 
soffit along the lines in queslion, will be normal also to each 
olher. 

445. In full centre and segment arches, the voussoirs arc 
usually made of the same breadth, estimated along Ihe curve of 
right section. The ptanes of ihe joints of eacli course of voiu 
Boirs between the heads of the arch are made continuous, (see ■ 
Fig. 36,) each of these courses being termed a string^ course, and ™ 
their jouita coursing joints. The planes of the joints along the 
curves of right section are not coiuinuous^ but break joints ; the 
stones which correspond to two consecutive sencs of these joints 
being tunnidd a. ring course, and its joints heading joints. By 
this comb ir^a lion of the ring and string courses, the ntting of tbo 
blocks, the selihng of tlie courses, ami iJie bond arc arranged in M 
the best manner. V 

4'lti. In ihe other forms of right section of cylindrical arches, 
it mav not. in many cases, be practicable lo give the vousaoirs 
the Jiomc b^eadlli, owing lo ihe variable cujvalure of the right sec- 
tion ; but the same arrangeraenl is followed for the ring and string m 
courses. f 

447. tn oblique cyUndrical arches, when llic obliquity is but 
flight, 'lO change will be required in the' arrangement of ihe 
rourse* »r,d joints ; but when the angle between the heads and 
the ari* is considerably less than a right angle, Jie ring courses 
«t the ertremities of the arch would have what is termed afatsp. 
bearirif, dial is, the jyressurc upon their coursing joints woult? 
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not fce transmitted in the ijircction of the pressure lo ihe fixed 
lateral supports, and tliercfore these porljoiis of the arch would 
lie insecure. To obviate lliese defects, as well as the unequal 
bearing upon the kteral supports in such case, ttrraneements uf 
the coursing and heading joints have been de^-ised, By which a 
better bond is oblaintd, and the tolal pressure from the vouasoira 
thrown upon the abutments. 

One inelliod for Uiis purpose h^s been mostly u^ed in England, 
«nd consists in placing the edges of the heading and coursing 
joints along spiral lines of the cylmdrical soffit which intersect 
each other at right angles. The Jf>ec(i«^ spirals for the heading 
joinla(rig. 40) being taken paraCcI to the one which is drawn con 
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I fleeting the exlrerao poinls of ihe askew curre of the head ; those 
for the coursing being traced perpendicular lo the former. The 
joints being normal lo the soffit along the spirals, will be hehcoi- 
flat surfaces. This method palliates only to some extent tlie 
•wcaknuas of the bond in llie courses near the heads, and giving 

I a considerable dip lo the coursing joints at liie eitremities of the 
abulinenls which make an acute angle with their faces, h presents 
here also a weak point. It poesesscs an important advantage, 
however, in permitting the soffit ends of the string courses lo be 
of eriual breadth tliroughout, and therefore allows the method Ic 
be adapted aa well to brick as cut stone. To bring the coursing 
joints I o correspond eiaelly with the divisions of the ring courses 
of the heads, it may he necessary, in some cases, lo alitft the 
spirals of the coursing joints slightly, in making the drawings for 
me arch. Tlse end blocks of the string courses which r*st upon 
liie abulmrni, or else the top course of the abulmenl, must be 
■uitably cut to correspond lo the diroctioii of the heading joints 
and that of the horizontal courses of the abutment. 

443, A second method, in use among the French engineers, 
consiats in making the heading joints pEitne surfaces and pfirallcl 
lo the heads of the arch, and in taking for the edges of the coursing 
joints (Fig. 41) iha trajectories traced on the solGt perpendicular 
U) the edges of the heat'ing joints. The surfaces oi the coursing 
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tionable, both because there is a waste of material in forming 
a joint of tliis kind, and the stone is liable lo crack when the 
arch eeilles. 

459, The forms and dimensions of the youssoirs shouM be do- 

termiiied both by geometrical drawings and numerical calcula- 
tion, whenever the arch is important, or presents any comphcabon 
of form. The drawings should, in the tiral place, be made to a 
ecalc sufficiently large to deltmiine the parts with accuracy, and 
from these, pallcm drawings giving ihe parts in their true stxafl 
may be made for the use of the mason. To make the pattern ™ 
diawtngs. the aide of a vertical wali, or a finn honsontal area 
may be prepoxed, with a thin coatinu of mortar, to receive a thia 
smooth coat of plaster of Paris. Tlie drawing may be made 
tins surface in the usual manner, by describing the curve eilhe 
by points from its calculated ahscisaaa and ordinate*, or, wt 
it ia formed of circular arcs, by using Ui« ordinary iustrumc 
describing such arcs when the ccnlres fall wiliiin tlie limits i 
prepared surface. In ovals tlie poailions of tlic extreme 
should be accurately drawn eiliici from calculation, or construe 
lion. To construct the intermediate normals, whenever the cen- 
tres of tlie arcs do not fall on the surface, an arc wiUi a chord of 
about one fool, may be set off on each side of tlie point ihrougfi 
which the nonnal is lo be drawn, and the cliord of the whole aiCsj 
thus set off, be bisected bv a perpendicular. This conslruclic 
will generally give a sulEcieiilly accurate practical result ffl 
elhplical and other curves of a large size, 

459. The masonry of arches may be either of dressed staafl,j 
nibble, or brick. 

In wide spans, particularly for oval and other flat arches, rusl 
stone should alone be used. The joints should be dressed with 
extreme accuracy. .4s the voussoirs have to be supporletl by a 
iramiiii; of timber, terme^l a centre, until tlie arch is complet 
and as ihis struclu re is liable lo yield, bolli from the elasticity * 
the materials and the number of joints in llie frame, an allowajunj 
for ihc settling in tlie arch, arising from these causes, is aonie-j 
times made, in cutting the Joints of the voussoirs fahe, tliat 
not according to the true position of the normal, but from fhe^ 
supposed position ilie joints will take when Uie arch has settled 
thoroughly. The object of this is to bring the surfaces of thtf 
joints inlii jtcrfect conULct when die arch has assumed its peiiiww| 
knuit slate uf eipiilibrium, and thus prevent the voussoirs from 
^^nakiiLg by uncttual pressures on iheir coursing joints. This 
is a problem of consiacnible di^cuhy, and it will generally l»e 
better lo cut ttie joints true, and guard against settling ana iU 
effects by givmg grtat stitfncss lo the centres, and by placing be- 
tween the jotuis 0? those voussoirs, where the principal i 
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M place in arches, sheets of lead siiitably hammered lo fit lh« 
il andyield to any preasure. 

46l>. Tlie manner of laying the vousaoirs demands peculiar 
care, panicularly in those which fnnn the heads of llie arch. 
The posiiiuns of the inner tdgcs of the vouasoirs are determined 
by fixed hnea, marked on the abutments, or some other immovea- 
ble object, and the Calculated di&taitces of the edges from these 
lines. These distances can be readily set off by means of the 
lercl and plumb-line. The angle of each joint can be fixed by a 
):■ quadmnt of a circle^ connected with a plumb-line, on which the 
'■position of each joint is marked. 

46 1 . Rubble stone is used only for very small arches which 
do not sustain oiuch weighl, or aa a filling between a network of 
ring and string courses in large arches which sustain only their 
own weight. In each caae the bloi;k& of rubble should be roughly 
drwaed with the hanuncr, and be laid in good hydraulic mortir. 

462. Brick may be used alone, or in combination with cut 
atone, for arches of considerable size. When the thickness of a 
bnck arch exceeds a brick and a half, the bond from the soffit 
outward presents some difficulties. If the bricks are laid in con- 
centric layers, or sitells, a coniinuoua joint will be formed parallel 
to the stmace of the soffit, which will probably yield wlien the 
•rch Kttles, causing llie shells to separate, (rig. 48.) If tlie 
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liricks are laid like ordinary siring courses, forming conlinuous 

Joints from the soffit outwardi these joints, from the form of the 

cricks, will be very open at the back, and, from the yielding of 

"the mortar, the arch will be liable lo injury in settling from this 

cause. To obviate both of lliese defects, tlie arch may be built 

[partly by the first plan and partly by the second, or as it is termed, 

in shells and blocks. The crown, or hey of the arcli should be 

laid in a block, increasing llie brcadtli of ihc block by two bricks 

tar each course from the soffit outward. These bricks should be 
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laid in hydraulic cenicnt, and be well wedged with pieces of ihin 
hard slate between the joinlft. 

4(i3. When a combination of brick and cot stone is used, (h« 
ring courses of the heads, witli some intermediate ring couiwi, 
the bottom string counee, ihe key-stone eoume, and a few inter- 
mcdiate string couraea, are made of cut stone, (Fig. 49,} the 
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intcTmediate spaces being filled in with brick. The brick pc> 
lions of the soffit may. if necesaaiy, be thrown within the atone m 
portions, fornning plain caissons. ^| 

46i. The cciilrca of Biiiall archea are not remoTed, or sfrutk 
until the mortar has become hard ; m large arches, the centre* 
should not be atruck until the whole of the mortar has set firmly. 
In the joints near the springing lines the mortar will have become 
hard, in the ordinary progrcsa of building an arch, before that in 
the higher ioints will have had time to sel, unless hydraulic mor- 
tar of a quick sel be used. After the centres are struck, the arch 
ia allowed to assume its permanent state of e<)uJlibritiiB, before 
any of the superstructure is laid. 

465. When Ihe heads of the arch fflnn a part of an eilerioT 

surface, aa the facca of a wall, or the outer portions of a bridge, 

the voussoirs of the head ring courses arc connected with the 

horizontal courses, as has been explained ; tfie top surface of ihc 

vousaoirs of the intermediate ring courses arc usually left in a 

roughly dressed state to receive llie courses of maaonrv termed 

the Capping, (see Fig. 49,) which resla upon the arch betweed 

the waits of the head. Before laying the capping, the joims of 

, ihe voussoirs on the back of the arch should be carefully exam- 

jinet], and, wherever lliey are found lo be open from the settling 

of the arch, tJicy should be filled up with soft-tempered mortar, 

, and hy driving in pieces of hard slale, TliR capping may be va- 

I riously furmcd of rubble, brick, or belon. Wliere llie arcbes are 

j upojod to ihe filtration of rain water, as in those used for bridges, 

ktid the casetttatea of fortificalions, ihe capping should be of beioB 
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lud io layers, antl well rammed with Uie usual precautions for 
ubuinine a aolid homogcueuiia inaES. 

460. The difficulty o( forming water-tight cappings of mason- 
ry baa led engineers, within a few years back, to try a coaling of 
ssphalte upon the surface of beton. The surface of the bcton 
capfi-ing 13 made uniform and smooth by the trowel, or float, and 
the masfi ia allowed lo become thoroughly di^' before (he asphalte 
is laid. Aephalie is usually laid on in two layers. Before apply- 
iDg lh£ lirat, tlie surface of the beton should be thoroughly 
cleansed of duet, and receive a coating of tniueral tar applied hot 
witli ;i swab. Thia application of hot mineral tar ja said to pre- 
vent iJlc formation of air bubble? m the layers of asphalte which, 
when present, permit liie water to percolate through the masonry. 
The first layer of asphalte is laid on in squares, or thin blocks, 
care being taken to form a perfect union between the edges of 
ihe squaree by pouring tiie hot Jiqui^ along them in forming each 
new one. The stirfuce of llie firsi layer is made uniform, and 
ribbed untd it becomes Bmoolli and hiird with an ordinarv wooden 
float. In laying the second layer, the same precautions ;irc taken 
88 for the first, the squares breaking Joints with those of the first. 
^B Fine satid is strewed over tlic siufacc of lite top layer, and putisscd 
^1 Jilu the asphalte befi^rc it becomes hard. 

Coverings of asphalte have been used both in Europe and m 

^^- our military structures for some years back ivith decidccf success. 

^B_I^here have been failures, in some instances, arising in all prob- 

^^ibilily cither from using a bad material, or from some fault of 

Workmanship, 

-ll>7. In a range of arches, like those of bridges, or casematea, 
the capping of each arch is shaped with two inchned surfaces, 
like a common roof. The bottom of these surfaces, by their 
junction, form gutters where the water coUects, and from wliich 
H is conveyed olT in conduits, formed cither of iron pipes, or of 

I Vertical openings made through the masonry of the piers which 
hconuuunicate with honzontal covered drains-. A small arch of 
Ikafficient width lo admit a man to examine its interior, or a sijuare 
Eulvcrt, IE formed over the gutter. When ihe spaces between the 
nead waits above the capping is filled ia with earlli, a series of 
Vrains miming from the lop, or ridge of th& capping, and icadhig 
into the main gutter drain, should be formed of brick. They 
^^may b* best made by using dry brick laid flat, and with iiilervals 
^Bleft for the drains, these being covered by oilier courses of dry 
^"lirick with the joints in some degree open. The earth is filled in 
ii|M>n the upper course of bncks. which should be so laid as to 
form a uniiorm surface. 

468. When the space above ihc capping is not filled in with a 
Lvlid tnaA&i for ^e purpose of receiving the weight borne by '^s 
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apch«s, walla of a requisite lieight may be built parallel lO ih*^ 
head walis, and Uicse may servo either as the piera of smat^* 
archcB, (Fig. 50.) upon which llie weight home directly reato, oe'^ 
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arG)i<!« UT' tialll on pieisCC, panl- 
lol lo tii» iieut nalli B, tasmUunllM 
IimmI above tlio uch 



else be covered by strong flat atones to effect the same object 
In this last case (Fig. 51) the walla may be made lighter by form 
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iag arche<l opiftnings through them, or else a, syslem of small right 
c^indrical groined arches may be used. All of these methods are 
in oae in bridge building for aqstaininc (he roadway, and also in 
roofing arched cdiiices, Tliey throw lesa weiffhl upon the abat- 
ments and piers of the arches tlian would a mling of solid ma- 
terial. 

469. From observations taken, on the manner in which laige 
cylittdrical arches settle, and experiments made on a small scale, 
it appears thdl in all cases of arclies where the rise is equal to 
or leas than the half span they yield (Fig. 52) by the crown of 
the arch fallitii^ inward, and thrusting outward the lower portions, 
presenting five joints of rupture, one at the key stone, one on each 
tide of it which limit iJie portions thai fall inward, and 9ne on 
each side near the sprin^mg hnea wlucli limit the parts tltmsl 
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In pointed arches, or those in whicli the rise is greater 

Fis. n — Rrprcwnuibt macncrla irMcti 1UI iirtin field 

o. Jiildl fif ru|tlur« it i1ld \lvj aloAp, 

m, in, Jiilnu of rupliirr )>cli<w tht ttf ttiise. 



^an the halt" span, the tcadcncv to yielding is, in Bome cases, 
Tcpent ; horc ilic Inwer parts may I'aU inward, (Fig. 53,) and 
ftt upward and outward the purta near the crown. 
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■470. From thie movement in aroheB a pressure arises against 
the key etone, termed tbe horis&nfal t)tru/<t of the arch, the 
Pudency of which U to crnsh the stone at tlio kej,Jind tooTep- 
turn the abutments of tbe arch, oausing thoin to rotntc about 
lie exterior edge of Bonie one of their horizontal jointa. 

471. The joints of rupture below the key stono vary in areh- 
*e of ditferent foraiB, andmlhesaiije arch with the weight it sua- 
'ttins. From esperiinentg, it appeai-a that in full centre arches 
tine joints in qoestion make aii angle of about 2T with the 
•lorizoa ; in eezment arches of arcs lesa than 120° they ax-e at 
'■•e epringing unes ; and in oval arches of three centres they are 
l£oUniu about the angle of 45° of the small arc which forma the 
-Xlremity of the curve at the flpriuging line. 

47d. Tho calculation of the joints of rapture, the consequent 
hnrizoatal thruat, and its efTecta In cmehin^ the etone at the 
*t-y and in overturning the ahulmcnt are probleraa of eoneide- 
"Tilile mathematical intricacy. Wjien the joints of niptiirc are 
Siven the problem aBBumee a more simple form, being one of 
statical equilibrium between the moments of the horizontal 
*JinjBt and the weight of the arch and its abutments. 

Hie problem for finding the joints of niptnre by calcnlation, 
■*Ud the conaoqnent tliicKnese of the abutments necessary to 
I*ree*!rve the orch from yielding, has been solved by a number 
*'f writers on tlic theory of (he equilibrium of arches, and table* 
''•r effecting tlie necessary numerical calcnlations have been 
*lrBwn up from their rctiiilts to al»ridge the labor in each case. 

473. The connection between the top of the abutment, term- 
ed tlio itnyost of the arch, and the bottom courses of the arch, 
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rcquirce pecnlifU" care in eegmental, agltew,and rampant 
In the flret, tLe tlirust of t(ie arcli being very great, it «-lll be 
well, iniieavy archee, to make Ihejoinls of tlie inleriorcouraea 
of the abiilnieiit, l'>jr buhic cuiirsca at least btlow the impost, ob- 
lique to the horizon to coiinteract any dangtr from sliillne- TTie 
top stone of the almtment, tcnnod tlie cusnion storxf of the nrcti, 
shoulil be %vcll bondctliviththesloiiesof tlieT>acking, and its bttl, 
or bottom joiijtshoiild "be so far below the inipOBt joint, that the 
Btouc Bliall offer siiiHcient strength to resist the preSeiiro oti it. 
In tho asltew arch the abntnicnta are not luufonulj loaded, 
and the entire thnist of the arch will not be received bv the 
abutmentfi if the arch h, constntcted in the UBnul maimer. Each 
of these points rcquiPGS peculiamttentioii; the first demanding 
the thickness of the abutment to be euilably regulated ; tie ee- 
cond that the arch be so bnilt that the thrust luav bo thrown, nE 
nearly as practicablej parallel to the planes of tlie heada. To 
effect this last point, the portion of the arch above the nppet 
joints of rupture (Fig, 54,JtnuBtbe divided intoseveral zones^each 
of these zonea being built witliout any connection with the two 
adjacent to it, but with their eiid& bo arranged that this connec 
tioQ may be formed, and the arch made contianons after the 
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centres are &truok. By this ]>laa the settling will tabe^.... 
at'Uir uiieentring without causing cracke. and the thruet will be 
thrown mi the abutments in the direction desired. j| 

In rampant archee, tJie impost joint bein^ oblique to the W 
Tixcn, care uniet be taken, if this obliqnitj lie not le&a tlian the 
angle of friction of the stone used, either to cut the impoettnio 
Bteps, or else t® use Gonie suitable bond, or iron cramps and 
bolts to pre7ent disjunction between the arch and abutment. 

474. Tho abutments of ri"ht and of slightly oblique crlicdri' 
cal arches ere made of uniform dimen&JoiiB ; but wnen 'the oh- 
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Krt]Ult|f W conBiderable, it may be necessary to increase the ihick- 
nesa of a portion of each abutment where there is the gT«4tcsl 
jDTtsaure. 

In conical and conoidal arches the abutments wilt in like man 
»icr rary iti dimensions with the span. 

41^5, In cloistered arches the abutmentB will be less than in an 
ordinary cylindrical arch of the sa^me leti^i; and in groined 
^LTchea, in calcuiating the resistance offered by the abutments, 
ihc counter resistance offered by the weight of one portion in 
sisting the thrust of the other, must be taken into consideration. 

476. When abutments, as in the case of edifices, require to be 
^jf conside^i^We height, and thereftfre would demand extraordinary 
xhirkness, if used alone to sustain the thrust of the arch, tliey may 
tw* strengthened by the addition to their weight made in carrying 
Chcm Up above the imposts like the battlements and pinnaclea in 
Oolhic architecture; by adding lo them ordinary, full, or arched 
■fcutireases, icrnied pjing buftreis^s ; ot by using ties of iron con- 
necting the voussoirs near tlic joints of rupture below die key 
stone. The employment of these difft'renl ejpedienla, their forms 
and dimensions, will dejpcnd on the character of the structure 
and the kind of arch. The iron tie, for example, cannot be hid- 
den from riew except in the plalc-batide, or in very flat segment 
arches, and wherever its appearance would be unsightly some 
'Other expedient mnst he tried. 

Ciimilar rings of iron hnve been used to strengthen the abul- 
ments of domes, by confining the lower courses of the dome and 
rcljeving the abutment from the thrust. 

477. When abutments .sustain several arches above each oilier, 
like rcliering arches in tiers, their dimensions must be calculated 
to sustain the united thrusts of the arches ; and the several por- 
tions between each tier must be strong enougli to resist tlie thrust 
of their corresponding arches, 

478. In a range of arches of unequal 3i2e, the piers will have 
to sostain a latcra! pressure occasioned by ihc unequal horizontal 
Uirust of the arches. In arranging the farm and dimensions of 
the piers this inequality of tlirust must be estimated for, taking 
also into coDsideration the position of the imposts of the unequal 
arches. 

479. Precautions agaiiist Sr^Uling. One of the most difficult 
and important problems in the construction of masonry, is thai 
of preventing unequal settling in parts which require to be con- 
tected but sustain unequal weights, and the consequent mptures 
ji tlic masses arising from this cause- To obviate ihiu dillicuity 
requires on ihc pari of the engineer no small degree of practical 
tacl. Several precautions must be taken to diminish as far as 
piacticablc the danger from unequal sellling. Walls sustaining 
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heary vertical presaiu'es sliould be built tip vniformly, and nilli 
great ottenlioii lo ihc bond end correct lilting uf the courses. Th« 
materials siiould be uiufomi in qiialily and size; hydraulic moi- 
tar should alone be used ; ajid the permanenL wcignt not be laid 
on thc^ wall until tbc scnson a^l^C^r the masonry 13 laid. As a far- 
ther precaution, when practicable, a iriid weight may he laid upon 
tlie wall before loading it witJi the pennanent one. 

WHicrc the heads of arches are bualt into a wall, particulaily 
if they are designed to hear a heavy permanent weight, as an 
cmbankmctil of earlh, the wall should iioi be carrried up liighei 
than the imports of the archca until the settling of the latter has 
reached its final term ; and as tliere will be danger of disjunction 
between the piem of tiie arches and the wall at the head, from 
thi3 same cause, these should be carried upindepcadenily, butso 
arranged thai tlicir after-union may be cynvcnictitly t-ffected. h 
would moreover be always well to suspend the building of ihe 
arcliea until tljc season following that in which ilie piera are 
tiaiahed, and not to place the permanent weight upon the arches 
until the season following llieir completion. 

480, Pointing. The mortar in the jointB near the surfaces of 
walls exposed to the wcallicr should be of the best hydraulic 
lime, or cement, and as this part of the joint always requires to 
be carefully attended lo, it 15 usually niled, or as it is termed 
pointed, some lime after the other work is finished. The period 
at witich pointing should be done is a disputed subject among 
builders, some preferring lo point while the morlar in the joint is 
stiD fresh, or green, and olnera not until it has become hard. 
The latter is the more uauai and belter plan. The tnortar for 
pointing should be poor, that is, have rather an excess of sand; 
tlic sand should be of a fine uniform grain, and but little "watei 
be used m tempering tlie mortar. Before applying the pointing, 
the ioinl should be welt cleansed by scraping and bni^ung out 
the loose matter, and tlien be well moistened. The mortar is 
apphcd Willi a suitable tool for pressing it into the Joinl, and its 
surface is rubbed smooth with an iron tool. The practice amgqig . 
our military engineers is lo use the ordinary tools for calking in 
applying pointing ; to calk the joint wilii the mortar in the usual 
way, and to rub the surface of the pointing until it becomes hard. 
To obtain pointing that will withstand the vicissitudes of our cli- 
mate is not the least of the ililficiilties of the builder's arl. The 
contraction and expansion of the stone eillier causes (he poimina 
to crack, or else to separate from the stone, and the surface water 
penetrating into the cracks ^thus made, when acted upon by frost 
throws out the pointing. Some have tried to meet tliis difficuhy 
by giving tlie surface of tlie pointing audi a shape, aad so ar 
raping u wiUi respect to the stiriacea of tlie stones forming the 
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iDtnl^ ibat the water shall irickle over ihe pointing without ciHei> 
lag ihe crack which is usually between ihe bed of liie stone and 
the pointing. 

4& 1 , Tlie term j7ojA pointing is sometimes applied to a coat- 
ing of hydrijulic mortar laid over the face, or back of a wall, n 
preserve cither tlie mortar joints, or the alone itself from (he action 
of oioisiure, or the effects of the atnioaphere. Morlar for flasli 
pointing should also be made poor, and when it is used as a stucco 
to protect masonry from atmospheric action, it should be made of 
coarae a4iid, and he applied in & single uniform coat ov&r ihc sur- 
face, which should be prepared to receive the stucco by having 
Chc joints lhi)roi]giily cleiuised from dust and loose mortar, and 
t>eing well moistened. 

No poinling of mortar has been found to withstand the effecu 
of weather m our climate on a long hne of coping. Within a few 
ears a pointing of asphalle has been tried on some of our mili- 
t-arif' wonis, and has given, llius far promise of a successful iaeue. 
482, Stucco exposed to wcalher is sometimes covered willi 
jmini, or other mixtures, to give it durability. Coal tar has been 
Iricd, but williout success in our climate. M. Raucoiirl dc 
Charleville, in his work Truilt- des Mortiers, gives the rulltiwing 
com positions for protecting exposed alnccoes, which he slates lo 
encreed well in all climates, r'or important work, three parrs vi 
linseed oil boiled with one sixih of ils weight cf lilharge, and onu 
part of wax. For common works, one part of linseed oil, one 
tenth of ils weight of litharge, and Iwo or three parts \>i resin. 

The surfaces must ije llioroughly dry before applying llic 
compn^i lions, which should he laid on hot wilh a brush. 

463. Repairs nf Mimorirtj, In effecting repairs in masonrv", 
^vlicn new work is to be connected with oEd, the mortar of Llit old 
should be thoroughly cleaned off wherever it is injured along the 
aurfscc where the junction is cffecl&d. The bond and oilier ar- 
rangements, will depend upon the circumstances of ihc case ; the 
Biirfiices connected ahould be fitlcd as accurLiely as praclicuble, 
Ko thai by using but httle mortar, no disunion may take place 
from selding. 

4»4, An expedient, very fertile in ils applications to hydraulic 
constructions, nas been for some years in use among llie French 
engineers, for slopping leaks in walls and renewing the beds of 
foundations which have yielded, or have been otherwise removed 
by the aciion of water. It consists in uijectinK hydraulic cement 
into the parts to bo filled, through holes drdled Uirough the ma- 
nonry. by means of a strong syriinge. The instrunienta used for 
l>iis purpoae (Fig. 55) are usually cyhndcrs of wood, or of casi 
iron; the bore uniiorin, except at tiie end which is lerminatcd 
ivilh a uozle of the usual conical form ; the piston is of wood 
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and is duren down by a tieavy molleu In using tlie synngt. 
is adjusied lo ihe hole ; the hydraulic cement in a scmi-flui 
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fllatc poured into it ; a. wtid of tow, or a dtak of lealher being m- 
troduced on top before inserting the piston. The cement is 
forced in by repeated blows on the piston. 

465. A morUr of hydraulic lime and fine sand hia been used 
for the same purpose ; the lime being ground fresh from the kiln, 
and used before slaking, in order that by llie increase of voKune 
which lakes place from slaking, it might fill more cotnpactly all 
inlerior voids. The use of unslaked lime lias received several 
ingenious applications of \\\\s character; ita after expansion may 
prove injurious when ccintined. The uae of sand in mortar for 
injections has by eomC engineers been condemned, as froio tbc 
stale of iiiidity in which the mortar must be used, it settles to 
llie bottom of the syringe, and thus prevents the forinattoQ of a 
homogeneous mass. 

486. Effects of Temperature on Masonry. Frost is the most 
powerful destructive agent against wliicli the engineer has to 
guard in conalnictions ot ma?«iiiry. During severe winters in the 
northern parts of our country, it has been ascerlsined, by obseT- 
vatiiin, tiiat the frost will penetrate earth in contact with walU to 
depths exceeding ten feet ; it therefore becomes a mailer of the 
first importance lo use every practicable means to drain tlioroughly 
all the ground in conlecl with masonry, to whatever deptiis ihc 
foundations may be sunk below ihc suTlace ; fwr if Ulie precau- 
tion be nol taken, accidents of tlie moat serious nature may hap- 
pen to t!ie foundations from the action of tlie frost. It watei 
collects in any quantity in the earth around the fouudatioui, il 
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lay be neccssarv to make small corered drains under ihem to 
ronvey il oflf, ami to pkce a slTalum of looae stone, between [lie 
^ides of ihe foundaliona and ibc surrounding earth In give it a 
ff"xee downward passage. 

■ It may be hid di>wii as a maxim in building, that mortarwhich 
^n exposed to the action of frost before it has set, will be so much 
H^maged as to impaar entirely its properties. This fact places in 
^B. stronger light what lias already been remarked, on the neceaaily 
_r>f laying the foundations and the structure resting on lliem in hy- 
firaulic uiorlor, to a height of at IcaJit ikrce fuct above the ground ; 
for, although the mortar of the fouudalions miglit he protected 
rf"rora the action of the frost by the earth around them, the parts 
immediately above would be etposed t" it, and as those parts at- 
tract the moisture from the gronmj. the mortar, if of common 
. lime, would not set in tunc to prevent the action of llic firoals of 

In heavy WalU the mortar in the interior will Usually be se- 
cuied from tiie action of the frost, and masonry of this character 
Taiglil be carried on until freezing weather commeiiees ; but still 
ID all important works it will be by far the safer course to sus- 
pend ihc conslniclion of masonry several weeks hcfore tlic or- 
dinary period of frost. 
K During the heals of summer, the mortar is injured by a too 
V mpid drving. To prevent this the stone, or brick, should be 
thoroughly moistened before being laid ; and afterwards, if the 
weather is very liot, the masonry filiuuld be kept wet until tlie 
mortar gives indicaliona of selling. The top cuurse should nl- 
_ wsya be well moisleucd by the workmen on qiiittiJig their work 
B (or any short period during very warm weather. 
B The effects produced by a Irigli or low temperature on mortar 
^ in a green slate are similar. In the one case the freezing of the 
water prevents a union between the panicles of the hme and 
and ; and in tlie other the same arises from the wnier being 
rapidly evaporated. In both cases tlie morlar when it has set iii 
weak and }ii>lTeruleiil. 
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487. Framing is the art of arranging beams of solid iriaui 
for the various purposes to wiiich lliry ai'e applied in structurea. 
h. frame is any arrangcmctit of beams made lor sustaiitin^ strains. 

48S, That branch of iraniing wliicii relates lo the cambinations 
of beams of timber is denominaled Carpentri/. 

489. Timber and iron are the oniy materials in common use 
for frames, as they are equally suitable to resist the varioiis 
strains to be met with in stnictures. Iron, independently of 
offering creater resistance lo strains than timber, possesses llie 
farther advantage of beuig susceptible of receiving the moat suit- 
able forms for sirengih widiout iiijiirv to ilie material ; while lim- 
ber, if wrought inio tlie bcsi forms lor the object in view? may, in." 
some cases, be greatly injured in strength. 

4yO. The object ta be altainc^d in framing is lo gtre, bya suit- 
able combination of beams, the requtsite degree of stjeiigth and 
9tif!i]C!$s demanded by itie cliaracter of the slrnclure, united with 
a lightness and an economy of material of which an arrangement 
of a massive kind is nol auscepuble. To attain tins end, the 
beams of llie fnune must be of snch forms, and be so combined 
that they shall nut only offer the grcatesi resistance lo tlic cfforlA 
tltey may have to sustain, but shall not change tlieir relative po- 
sitions from tlie effect of these efforts. 

49 L. The forms of die beams will depend upon the kind of 
material used, and the nature of the strain to which it may be 
subjected, whether of tensioiu compression, or a cross strain. 

492. Tlio general shape given lo the frame, and nhc combina- 
tions of the beams for tliis purpose, will depend upon ibc olijcci 
i)f ilie frame and the directions m which itie efforts act upon it. 

In frames of limber, for example, tlie cross sections of eacii 
beam arc generally uniform tbroughoul, these aeclions being 
either circular, or rectangular, as these arc the otdy simple forms 
which a beam can receive without injury lo its strength. In 
frames of cast iron, each beano nmy be cast into the must suitable 
forni for the strength required, and tlie economy of the material. 

493, In combining llic beams, whatever may be the general 
shape of the frame, llie parts which comiMBe it must, as for as 
□raciicable, present [riattgukr figures, each side of the triangles 
lieing formed of a single bcani ; the coimection of ihe beams ai 
the angular points^ termed the ^oin/s, being so arranged ihai no 
yielding can lake place. In all combmalions, ilietefore, in which 



reAUiMi.. 



169 



I 



ihe prmcipfti beams form polygonal figures, secondary beams 
murt be added, either in the directions of the diagonals of ihe 
polygon, or so as lo connect cacJi pair of beams forming an angle 
of Uie polygon, for i\ic purpoee of preventing any change of form 
of the ligure, and of giving the frame the requisite stilfjiess. 
These secondary pieces receive iJje gfuenl appellation of braces. 
When they sustain n strain of comprcssiion they are termed s(nf fa; 
when one of cTiension, lies. 

494. Aa one of the objects of a frame is to transmit the si rain 
it directly receives to Brin points of support, the beams of which 
it is formed aliould be so combined that this may be done in the 
Way which shsJl have the least tendency to change the shat)^ of 
the frame, and lo fracture the beams. These coiidkiona will 
be best satisfied by giving [he principal beams of the frame a 
position such that the alraina tliey receive shrill be trananiitled 
ihrnugli the axes of llie beams to ihe fixed supports ; in this man- 
lier linrte can be no tendency to change the shape of the frame, cx- 
€:*pt 80 far as tlus may arise from the coniracliona, or clongaliuns 
of the beams, caused by the strains; and aa all unnecessary 
transversal strains will in like manner be aroidcd, the resistances 
offered bv the beams will be the groalesi praciicable. 

495. Wiicnev«r these condilions canni^l be satisfied, the strains 
on liie frainc should be so combined llml those which are not 
transmuted to the points of support sJml! balance, or deslroy each 
other ; and tfiose beams which, from being subjected lo a cross 
itrajQ; might he eitljer m danger of rupture, or of being dcilcclcd 
to au great a degree as to injure the stabihlyof the frame, should 
be supported by atnits abutting eillicr against fixed supports, or 
against points of the frame where the pressure thrown ujtoii ihe 
strut would have no effect in changing ih-c ishape of tlic frame. 

49(i. The points of support of a frame may be either above, or 
Ijclow it. In ihe first cose, lh« firamc will cuLtaist of a susjiuidcd 
Jiyslem, in which the polygon will assume a position of stable 
Cquiiibfium, its sides being subicelcd to a sirainof extension. In 
llic Bccond case the frame, if ol a polvgonat form, must satisfy 
the essential conditions already cauincrdlcd, in order thiuits state 
of equilibrium shall be stable, 

497. The strength of ihc frame and tliat of its parts, and their 
con»c<|Uciit dimensions, must be regulated by the strains to which 
they nre subjected, When the form of the frame and the direc 
lion and amount of the strain borne by it are given, the direction 
and amount of Ilic strain which the diSbrcnt parts suatain can be 
ascertained by the ordinary laws of staticg, and, from tlieiie data, 
th« requisite ditucn^ioris and forms of llie parts. 

498. The obiecl of i!ic sinictiire will necessarily decide the 
lenecal shape of the frame, as well aa the direction ot Ute airainf 
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then Mnits of batlGns may be placed at intervals betwccD each 
piir of beams, in a diagonal direction, uniting die boUora of the 
ooe with tbe tup of Uie other, to prevent [lie btMuns from twisting, 
or vicldirg laterally. 

tVheo the bearing and Strain arc so sriat that a single besm 
will not preaciil sulTicieiit siireiigth ana siifTness, a conibinaiioa 
of beama, termed a bmlt beam, which may be sirlid. coiisisUng 
of several layers of limber laid in juiliipusiliwii, aiicE lirinly coii- 
ii«:lcd together by iron bolls and straps,— or open, beiJig mriiied 
of two b^alos, ^ith an inlcFTal between ihom, so Coiin&cted by 
cross and diagonal pieces, that a strain upon elllicr the upper or 
lower beam will be iransmitlcd to ihe other, and llic wliole system 
Kt under the effect of the strain hke a aolid beam. 

602. •Solnl built Beams. In frBitiiiig solid built beams, ihi 
pieces in each course (Fig. &7) arc hiid abutting end to end with 

Fig., 57~R)?|itiwpiilaM solid buMllieaRi 

GDulioi^it by ipnt hiwiv. 

a square joint between iheiii, tlie courses breaking joints to fonn 

f. strong bond betwcijn them. The courses are firmlv connected 

ither by iron bolts, formed Wilh a screw and nut at one end lo 

iriag the courses into close conlaci, or else by iron bands driven 

tigbt, or by iron atiirups { Fig. 5B) suitably urrangctl with acrcw 

ends and nuts for the same purpose. 
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^B When the strain is of such a chnracter tliat the coureea would 
^H^ liable to work loose niid slide along ihcir joints, the beama of 
^^nie difTercnt courses may be made with kIiuHdw indenliilions, 
^B|Figs. 59, 60.) accurately fitting into each other ; or sliaJlow rcc- 
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^Kbngutar notches (Fig. C 1 ] may be cut across each beam, being 
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are Bomolimea made of two wedge-shaped pieces, (Fig. 62,] fca 
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ih* purpose of c-aiisijig ihein !o fit ihe notches more closely, and 
10 admit of being driven tight upon any shrinkage of the woody 
fibre. 

The joints between ilic courses may be left slightly open 
without iinpairinff in an appreciable degree the slrengtli of the 
combination. This ia a good method in beams exposed to mois- 
ture, as it allows of evaporation from llie free circulation of the 
air through the joints. Fell, or stout paper saturaied with min- 
eral tar, lias been recommended to secure the joints from llift 
action of moisture, Tito prepared materia! ia so placed as lo 
occupy the cntifc surface of llie joint, and the whole is well M 
screwed together. " 

503, Open bvilt Beams. In framing open built beams, the 
principal point to be kept in view is. to fomn such a connection 
Detwccn the upper ana lower solid beams, that they shall be 
strained uniformly by the action of a strain at any point between hi 
the bearings. Tliia may be effected in various ways, (Fig. 63.) H 

Fin. Ii^3 — ReiwEw^ts ui oprn 
iMiill brain : A. and B ue 
till' (op mvi baV^tn util» ot 
Hlrmim ; o. a, Ctam jnri:n. 



dinRonal brnmt in paiis; i 



Binglu (lia{(QUi>l li-FEice*. 

The upper and lower beams may consist cither of single beam?, 
or of solid built beams ; these arc connected at regular intervals - 
by pieces at riglu angles to them, between which diagonal piecei-B 
arc placed. By this arrangement the relative position of all the ^ 
parts of the frame will be preserved, nnd the strain at any point 
will be brought to bear upon the iitiermediate points. 

Tvvo of the best known applications of this coinbination, wliei; 
timber alone is used, are those of Colonel L^ng, of the U. S^H 
Topograpliical Engineers, and of the late Mr. Town. ^| 

50-1. Tlial of Colonel Long (Fig. 04) consists in forming boll; 
Uic upper and lower beams, termed by the inventor the stHiigMt. 
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>^ Ciuee psnUd beuni, soffideDt ipace being left between the 
a m centre uid ihe other two to iniert the crow pieces 




fig, t4— Repnwiiti a panel of LoDg'a tniH. 
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tenned the pofti ; the posts consist of beams in pairs piaced at 
•oitable Interrals along the strings, with which they are connected 
b^ wedge blocks, termed jibs and ket/s, which are inserted intu 
rectaiunl&r holes made through the strings, and fitting a corre- 
^KKiduig shallow notch cut into eachpost. Adiagonal piece, termed 
a bncef connects the top of one post with the foot of the oriti au- 
iuent br a suitable joint. Another diagonal piece, termed Ihe 
cottnUrHtrace, is placed crosswise between the two braceu and 
their posts, with its ends abutting against the centre beam of tlie 
npper and lower strings. The coimter-braces are connccte4 
WiUi the posts and braces by wooden pins, termed tree-naiU. 

In wide bearings, the strings wiU require to be made of several . 
beanu abutting end to end ; in ttiis case the beams mutt break 
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iftiftrtriic oanbiBalMn. 

506. A ihiid meibod. caDed after the paKoiec, Hate*M tnu^ 
has wiffain 9. few yean come into gcnei^ notice. It coDMsts of 
( Fig. 66) an upper and lower sihng. each fonnod o( sercTal liuck- 
ncsses of beams placed side bj aide and breaking jmnls. Od ihe 
upper tid« of the lower tftna^ and the lower eide of tbe upper, 
bloclu of hard wood arc inserted into shallow notches ; the blucXs 
arc beveDed off on each aide to forni a suitable point of sispporv 
or tlep for the diasooai pieces. One series of the diagonal pieces 
■re arranged in pairs, Uie othera are single and pbwred between 
ihotc ill pairs. Two strong bolts of iron, which pass through 
tiic blocka, connect the upper and lower striDgs. and are arranged 
with ft screw cui on one end and a nut lo dnw the parts clowly 
iSecthcr, 

riiJBCORibinalionpregenUa judicious arrangement of the 
The blocks give abutting anffaccs for the braces superior to die 
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obtiimdby the ordinary farms of joint for this purpose. The 
^tt repiftce ftiraiitageQUBiT the tin)t>cr posts, ana in case of thfl 
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"Me working loose and sagginfl;, their arrangement for tighteii- 
Ulg lip the parts la simple and efficacious. The timber of each 
Bring is not combined to give as great strength as its cross sec- 
lion u susceptible of, and Oie lower string, upon which a strain 
of tension is brought, against which timber offers the greatest 
ttnttaoce, has received a groater cross section than that of the 
upper. 

The preceding combinations have been applied generally in 
Mr country lo hridgcs. In this application, the timber support- 
inir the rradway of the bridge is usually placed on die luwei 
iifingfl ; two, three, or four l^uilt beams being U9ed, as the Cfise 
mayrcquire, for supporlmg the transverae bcaira under the road- 
wsy, ibc ce-nire beams leaving an equal width of roadway between 
lljEtn.ard the eiterior beams. 

507. Framing for intermediate Supports. Beams of ordinary 
dimensions may be uaed for wide bearings when intennediate 
*upports can be procured between the extreme points. 

The simplest and most obvious method of effcctiiig this is to 
:i.ace uprignt beams, termed props, or shores, at Huitable interval* 
jnder trie supported beam. 

When the props would interfere with some other arrmigemeiit, 

and points of^ support can he procured at the extremities below 

ilioae on which the beam rests, inclined struts (Fig. 67) may be 

uaed. The struts must have a suitably formed step at the tool, 

,a;*i be connected at lop with the beam by a suitable joint. 

Id some caeca the bearing may be diminished by placing ot* 
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the points of 8upp< rl b1 on pieces, termed corbels, (Fig, 68,) and 
lupporting Ihes* near tbfl-r ends by Btruts. M 
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In other cases a portion of the beam, at llie middle, may be 
jtrengihened by placing wnJer il a ahort beam, called a straining'. 
beam, (Fig. 69,) against the ends of which the stiuts abiH. 
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Whenever the bearing may recuire it the two preceding ai^l 
rengcracnts (Fig. 70) may be used m connection. 
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In all comblnationa with stmts, a laltral thrust will be thro^ 
on the point of support where the foot of the strut rests. This 
itrain must be provided for in arranging the strength of ttie sup- 
ports. J 

S08. When inlcrmcdiate supports can be procured only above^ 
the beam, an arrangement muBt be made which shall a.ns'.vcr lh« 
purpose of suslarinmg the beam at il3 iniemiediaie points by sui- 
pension. The combination will depend upon the number of ia^ 
' mni'Wliale points required. 
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"VVUen the boam refjnirea to be supported only at the middle, 

i^ t«ay be doBO by placing two inclined picc<.'B, resting on the 

ItcajQ at its extremities, and meeting under an aiiglt* ubuvo il, 

^■^tn which the jniddle of tlje benrn can be snspendutl by ii rnd of 

l^u. or by another beam, li'the suspending piece be ot" iron, it 

must be arranged at one end with a strew aiiu nut. When tho 

Wpport ifi of timber, a single beam, called a king posij (Fig. 71,) 
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may be used, against the head of which tlie two inclined piucc^ 
jirnr abut ; the foot of the poet is connected with the bcnm liv 
.a beltt an iron stirnip, or a suitable Joint. Instead of th» oidinary 
Vine poet, two beams maybe used j these are placed opposite to 
c&clt other and bolted together, embracing between them t>ie eup- 
rted beam and the heads of the inclined beams which lit into 
allow notchee cot into the support) ug bcam», Pieces arranged 
this manner for suspending portions of a frame receive the 
name of snJtpuRnion pieces, or bridle pieces. 

When two intermediate points of^upportarercquired, they may 
he obtained by two inclined pieces resting on tho ends of the 
h-eam and abuttii^ against the extrerai ties of a &hort horizontal 
straining beam, (Fig. 72.) Tlie suspension pieces in this case 
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lay be either poets, i&mxGA qiteenposta, arranged like a king 
soat, iron rode, or bridle piecea. 'Hiiscombination maybeuBeu 
Sr very widebearings, (Fig. 73,) by suitably increasing the num- 
c-r of inclined pieces and straintug beams. 
Some of the preceding combinations may be used for BnppOrt- 
ne end of abeam subjected to a c roes strain when the other 
. fixed point of support. This may be done either by an in- 
clined strut beneath, oran inch'ned tie above the beam. "WTiea 
a wooden tie is used it should consist of two pieces boltod to- 
gether and embracing the beam. 
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SM. The clasetficatioiis nder tbe two preceding headsrepr^^ 

il ili« principal combi mai oBK qf gp^ght beams applie4totli^ 
•t'fraoiuijr. "ttefrmmeof anordinaryroofpresentaon^ 
,>l«£t(»MnlitntttioiMbT which the action of the differeii& 
)'iu i« .1 u l>«jn« WAV be Uhattited. 

.V root' of the onUDai7 ftmn ixnm t E of two equally mcllii«d 
ihOm of lUtiUU, elate, or other material, -which is ^.ttached tv » 
puvin-iiig oi buarda that reets apon the frame of tJie roof. The 
fnuiic coiuieu of several vertical fram«&, termed the tru9set of 
thi: rvKjt, which are placed parallel to and at suitable inierrals 
frum i.iidt other ; these receive horizootal beams termed puHiM, 
wliiili r«t upon them and are placed at fiiitable interval& apait, 
mid lijpoii the piiiliiis are placed inclmed pieces termed thelong 
m^'Ufa, to which tJie boards are attached. 

The IruflB of a roof, for ordinary bearings, conaiats (Fig. 74) 
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. t^ cr» limy either abut against each other 

t'n^t A ting pofit. Inclined etrots are 

the pnncipiil ratters and kingpost, 

kaI by suitable joints. 

. ili^Tt rat^ere (Fig. 75) abut against a 
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etrffining be&m nt top. QnecB posts conD'CCt theee piece« with 
llie tic-beam. Aking poet coimoctetUeBtraiiiiiigbeani with Ilia 

FlK- 15— Kepnunli ■ roof tnui fo; M4* 
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top of the short rafters ; and stnils are placed at enitaWe pointa 

between the raltcrs and kmg and queen posts. 

In each of these combinations tiie weight of the roof cnveriiig 
ftnJ tlie trainee in supported by the poiola of support. The prin- 
ripalraftersaresubjectedtocrofiaandlonffitudiDaletrains, ansiiig 
from the weight of the roof cohering and ironi tlicir reciprocal ac- 
tion (»i:eacli other. Tlieseetratngaretmnsmittcdtotln! lie beam, 
Musing a strain of teupion upon it. The struts rcsiet tte cToas 
strain Tipon the i^ftei^ and present theni from eaptging ; and the 
ItinfraruJ rjtie-&a posts prevunttbotii? and straiitiiipbu-aLnsfroin sag- 
pn-'and mva points of support to the ftfrut^, Tlio short rut^ere 
and Btraining beam form points of support which resist tlie troae 
itrainon the principal rallera, and support t!ie strain on the queen 

SIO. Whodtm Arehe*. A wooden arch may be formed by 
bending: t^ oinj^te beam (Fig. 76)and confining iu extrcmitieB to 
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prevent it from reaaming; its original shape. A beam in this 
atme presents jp-eater resistance to a cross strain than when 
str&ight, and may be used with atUantage where great stiffhees ie 
reqniPed, provided the points of support areof sufficient strength 
to resist the lateral thrust of the beam. Tliis method can be 
resorted to crnly in narrow bearings. 

For wide archee a onr^'ed built, beam miiat be adopted ; and 
for this purpose a solid, (Figs. 77 and 78,) or an openmiilt beam 
may be used, depending on the bearing to be epanned by the 
area. In either case the curved beams are built in the same 
manner ae straight beams, tho pieces of which they are formed 
beincsmtably bent to conform to the curvature of the arch, which 
way bedone either feysteaming the pieces, by mechanical power, 
or bj( the iiaual method of eoftt-iung the woody fibres by keeping 
the pieces wet while aubjocted to the heat of a light blaze. 
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UwbHtuB vblcbactM u»Ue tarxmaaeWM eitremiUta. 

"Wooden arches may also to formed by fastening together aer- 
«mI COurscB of boards, giving the frame a polygonal ftinn, (Fig. 
T9,) corre&poudingto the desired curvature, and ibenBliapiuglli*. 
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kKitil iuui>r vOms of the arch to the proper curve. Eiicli 
vl v>t bi^unle cut into Eliarp Icnctlig, depending on 
■■T\id ; theee pieces abut end to ena, tlie jomtB 
■n of tlio radii of curvature, and tlie pio^ces 
i-oiirecB break joint* with each other. 
K'cted either by jibs and keya of hard 
This method is very euitable for all 
■ ihi* iire&ure borne is not great. 
■ V vhiwfly used lor bridges and roofc. They 
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re HP jnte^Inedta^e poinfaof support for the framing on which 
le roadwav n?'8tB in tue one caep, and the roof covering in the 
ther. In bridges the nadwaj inar lie either above the arch, 
r below it ; in either ease vertical poste, iron rods, or bridles 
ICUK^ct the horizontal bcuina with the arth. 
fKll- Tlie great»?fif Btraiii in wooden arehps takes place between 
le crown and epnnging tine; thin part should, therefore, when 
racticable,,be retierad of the preesure that it would directly 
jceive from the beams above it b_y inclined stmte, bo arranged 
I to throw this prcsauro upon the lateral eiipporls of the arch. 
KTlie pieces which compose a wooden arch m&y bo bent into 
ay curve. The one, however, usually adopted is an aic of a 
ircle, as the moat eimple for the meebaiiicaf coiiBtriictiou of tlie 
ktmiDg, and preeenting: all denirahle etrength. 
riB13. Centren. Tlio wooden tramo with which the vousboitb 
f an arch are supported while the arch is in. progre&s of con- 
LrnctJon is termed a centre. 

LA. centre, like the frame of 9 roof, con&ieta of a nnraber of 
«rtical frames (Figs. 80, SI, 82, 83.) termed truBees, or /"ihe, 
Lpon which horizontal beams, termed bolsters, are placed to ro- 
fcive the TOitssoirti of the arch, 

C.The curved,, or fntik jneces of a centre on which the holsters 
eat consist of beanie cut into &uitable lengths and shaped to the 
>roper cnrvatnre ; these pieces abut end to end, the joints be- 
tween them beiuj^ in the direction of the radii of curvature ; the 
i'oinls arc usujilly Bcciu-ed by short pieces, or blocks placed un- 
er the abutting ends to which tlie back pieces are bolted. Tlie 
lilockfl form abutting aurfacee lor fliorcf?, or incliucd Btrnts seated 
ig&inst firm points of support beiijw the hack pieces. To pre- 
reut the (■hftree. or the struts fmm bendiyiw, braces, or bridle?, 
wlucharen?nallyformedof two pieces, eacli with eJiallow notches 
cnt into them, are added, and eiubrnce between them the 
3res,or5lrnt6,|]ie whole being firmly connected withiron bolts. 
i miecombinationsu&edforlheframesof eenlres mil depend up- 
jposition of the points of support a.nd the eize of the arches. 
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Ql' two or more thkkneefes of short boanis, tinnly nailed to^rik 
er ; the boards iueacb conrse abutting end toieiidbyAJoiutmUu 
directioa of the radius of curvature ct" th* arch, ana brcakic 
joints with those of the other couree. The ribe are sliaped 
the form of the ititnido& of the arch, to receive the bcuiiter 
whifthare of battens cut to suitable len^hs and nailed to the rib 
514. For heavy arches with widu epans, when firm iiitenn< 
diate point* of enTvport can be procured between the abutmvnS^ 
the back pieces (Fig. SI) niaj be &apported by eliores placed 
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nnder the blocks in the direction of the redii of enrvamre of 
the ajch, or of inclined strata (Fig. S2) resting on the points of 
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t. c, tuldlDK vtdfEiu laid apoD Uia back plecM b of udi rib lo-ncel** Iti* tieliteit on wWak I 
Tmwaln.tn IhIiI. 

Biipport. Tlia ehfiree. or atriite, nre prevented from bending by 
braces suitably placed for the purpoBe, 
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515. If intennetl'iate points i>t" support caimol be olilained, a 
bTvvaii framed support mual be niad^ itt eaeh abutment to receive 
till? Lvxtreniitics of llie struts that sustain ilie back pieces. The 
framed support (Fig. 85) coneiatB of a heavy beam laid either 
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A B. briille cif nulljl f.i,^f^ii in iJ&it<i vtfcli ua co-n Hiifil oIiiiI'AdiI t-jt-tiiin l>BlirG«B Uu hiirti&nUl 

lit* •!, n "f thf Otis, »lj(p Id [iiln. 
t. <^ cut Imn audifU 
M, «, babtcn <rf Ilia MBire roitlDg on tko back plu«M / 

horizon taJ I V, or inclined, niid ie jilaccd at that joint of tho arch, 
(the ont ■^^hich makes an aiij^le of about S'l" with the hi^rizoa,) 
where the voussolrs, if unBupportud beneath, would slide rm 
their beds. Thifi beam ia l>ortic by ehorf^ which &nd firm points 
of snpport OQ the tbundations of the abutment 

Tlie back pieces of the centre (Fig. 83) may he anpnort^dby 
inclined struts which rest immediately upon tfie framed support, 
one (if the two stnita under each block restinp; upon one of the 
framed ?upports,lhe other on theon« o^n the op]KJ6lte side, the two 
BtrutB bcingso placed as to makeequal angles with the radius of 
ctirvainre of the arch drawn through the middle point of the 
block. Bridle pieces, placed in the direction of the radius of 
car\'atiiro, oinbrace tlie blocks and Btrnta in the usual manner, 
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and prevent the latter from sagging. TJiifl coinbiuation prcflenli 
a ti^re of invariable Ibrm, as the elraiti at any f-ne juiinti* 
received by t>ic struts and transmitted directly to the fixed poiius 
of Buppoft, It has the dieadvanta^get'l" requiring beamBnif^st 
length when the epan of tlie arch is considerable, and of prceeut- 
ing frequent eroafiiilg of the etruts ■where notehot; will he W- 
qmsitc, and the strength of the beams thereby diminished. 

The centre of Waterloo Bridge over the Thames (Fig. SS) 
was framed on this principle. To avoid the inconveiuenfes re- 
sulting from the crossing of tlie struts, and of building henia* 
of BHfflcient length where the struts coukl not be procured from 
a single beam, the deviee was imagined in this work of recei*'- 
ing the ends of eeveral struts at the poirits of crossing into • 
large ca.'it-iron socket suspended by a bridle piece, 

51(>. Wlinn the preceding combination cannoLbe employed,* 
strong truss, (Fig. 84,) consisting of two inclined stnita rc6lin| 
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Upon the framed supports, and abutting at top against a etrain- 
ing beam, may bo formed to receive the enu8 of pome of the 
strata which support the back [lioces. TIjis combinalion, and 
all of ft like character, require that the arch eiioiild not be 
confitructed more rapidly on one eide of the centre than on llie 
other, as any inequality of strain on the two hiilvee of the 
centre wimld have a lendeney to change tlie shape of the trame, i 
Uirnsting it in the direction of the greater strain, 

51T. J/'fflft* li^ed for striking Omin'ff. When tho arch is< 
completed the centres are detached from it. or struck. To effect^ 
this in large centres an arrangotiiont of wedge blocks is need,' 
termeil t\iesirii:ing plaffj^, by means of which the centre mav btti 
gradually towered and detaelied from the soffit of the ai'eh. ^lisJ 
arrangement consists (Fig. 83) in forming steps upon the upper' 
surface of th<* beam which tbmia the framed support to receive a.j 
wedge-shaped block, on which another beam, naving its under 
siirtiico also arranged with steps, rests. The Btrnt? of the ribi 
either abut against the upjier surface nf the top beam, or else aroj 
iaserted iuto cast-iron sockets, termed eltaa^ateti, fastened toJ 
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iiirfuco. TUe centre Ja struck by driring' bacV the wedge 

block, 

^_ 518, Wlien tlur struts I'cet iiprjn intermediate Bupports be- 

^■Ireeo tlie almtTueiitd, double, or ftAd'mg wedges may i>e placed 

Tinder ihe strule. or nSw upon the back pieces of the ribs umlcr 

cacti bolster. Tlw faMer arrarigein4?nt presenle the advaiitag« 

of allowing any part of the centre to be eased from tin; sotSt, 

ingteaxl of detacliing tlte whole at once as in the other niethods 

of striking ■wt;tl*o3. This nieth(>d was employed for the centrea 

of Ciro6veuor Bridge, (Fig;. !^3,) over the river Dee at Chester, 

^n<i was perfectly 6iicce88tiil both in allomng a gradnal eettliug 

of the arch at various points, and in the opi?ration tjf etrikiiig. 

519. Ties and Braises for ddneKed Frames. "When a eeriea 

of frames coBcur to one enJ, as, for example, the main heama 

of a liriJ^, the trusses of a roof, riba of a centre, lVc, they 

require to be tied tofretlicr and stiffened by otlier beams to 

■prevent any displacement, and wanjlngnf the frames. For this 

"pnr]X)ee beaina are plaeert in a horizonial position and nolebod 

upon eaeli frame at suitable points to connect the whole to";etlier; 

■^irliile olhers are plaeetl crossing each other, in a diagonal direc- 

^^on, betM^ecn each pair of frainos, with whicti tlicy ai'c united 

^^v suitable joints, to stiffen tho frames and prevent tlieni from 

yielding to any lateral effort, Bofli the ties- and tlie difi-jonaL 

liraces may be either of single beams, or of beams in paii*, so 

^urangcd iis to embrace between them the part of tho frames 

Cith which they are connected. 
530. JdlnU. The form ami arrangement of joints will 
eptnd upon the relative position of the beams joine<i, and the 
^ib^ect of the joint. 

Jointu mav be required for various purposes, either to connect 

"Ahe ends of beams of which the axes are in the fiaiiic ri^ht Hne, 

-«hr make an angle between them ; or tlie end of one beam with 

~»he. fnce of another; or where the face of one beam rests upon 

T,kai of another. 

In all armngemonts of joints, th^ axes of the beamg connected 

-«houM lie in the same plane in which the straimipon the frame 

^BACtfi ; and the combination shonld be eo arranQ;ei3 that tho parts 

^pwill accurately tit wlieii the frame is put together, and that 

'^ any portion may be displaced without disconnecting the rest. 

Ttic 6im]>lcst forma mast c^tiitahle to the object in view will 

nsiialty be found to be the best, as offering the most facility in 

obtaining an accnrate fit of the parts. 

In adjusting the surfaces of the joints nn allowance si)onld bo 
made for any eettliug in the frame which may arise either from 
the Bhrinking of the timber in senr'oning wliile En the frame, Or 
the fibres yielding to the action of the Blimn. This te done 
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by leaving sufficieTit play in thejoinis when the frame is first Ml 
iip, to admit of tht parts coniing into peri'tct contact wheD (he 
fi-aine lias atlaiueU its fiual »etiltng. Joiuts formed of plane eur- 
faces present more ditHcuUy in this respect ihaa curved jaiuls, 
as the bearing surfaces in the liitter case will remain ia contact 
Bibould any slight change take place ia the relative positioDs uf 
the beam^ from ecttling ; whereas in the formera slight ecttllng 
might cause the Btraiiis to be tlirown upon a comer, oi- edge ol 
tha joiat, by which the bearing surtaced might hv crushed, aibd 
the parts of the frame work wrenched asunder from the leverage 
which eueh a circumstance might occaslou. 

The 8urtai:e of a joint eubjected to pressure ehoiild be ae 
great as practicable, to secure the parts in contact from being 
crushed by the strain ; and the surtacc eLotdd be perpeuflicular 
to tht? direction of tho strain to present sliding. 

A thin sheet of wrought iron, or lead, may be inserted 
between the Burt'aces of joiiita where, frtun the magnitude cf 
the strain , one of them is liable to be cruHhedby the otlier, a$in 
the case of the end of one beam resting upon the face of another. 

521. Folding wedges, and pine, or treetiaUs, of bard wood 
are used tj bring iliti surfaces of joints firmly \o their bearings, 
and retain tlie parts of thy frame in their places. The wedgw 
art) inserted into eqiiare holes, and the piua into auger-hwtt 
made through the parts connected. As the object of these 
acceasoriefl ib Btmply to bring the parts connected into qloee 
contact, they ehould he carefully driven in order not to cause 

a Btrulit that might crush the fibres. ^H 

To eecurc joiuts subjected to a heavy atraini, bolts, straps, aa^" 
hoops of wrought iron are used. Tliese should beplacea in the 
best direction to counteract tho Btraln and present the partti fr<'m 
separating; and wherever the bolts are requisite they should 
be inserted at those points which will least weaken the joint. 

522. tfo'mk (if Beauty united end to end. When the ases of 
the beams are in the same right line, the form of the joint will 
d<>pend upon the direction of the strain. If the strain is on© of 
compresiion, the cuds of tlie beams may be united by a square 
joint perpendicular to their axes, tha joint being secured (Fig, ""''^ 



I 






6> 



Hn 



'H 



} 



Fig. 89. — BapraHnb Out Duiiii«r in 

■fltiurvd hf Aide p1«wi Anil 



blPh Iha «Dd JoIdI Df Iro Ixami a ud ft li diliWl <it 

a bolttil to (Lena. 



by four short pieces bo placed ne to embrace the ends of the 
beams, and being fastened to tlie beams and to each other '^ ~ 
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bolts. Hiia arrangement, tensed JUhiTi^ a beam, U 
few rough work, it may also be used wlitn the stra 
extension ; in this case the short pieces (Fig. 86) may 

-* 1 *■ 1 



i 



I 



d i 



lis. M— BemMBli aiUuxl Joint In vbicb Ibe dMpiMMfl uhIiI inallh 

BpoD the bcnnis, or eUe keys of hard wood, inserted 11 
DOtchee made in th(> tioants and Bhort pieces, may b< 
lo give ftdditionat evt-imty to the joint, 

A joint termed a M'arf may be used for either of thi 
porpoees. This joint may be formed either by halvinj 
Ml each other near their ende, (Fig, 87,) and sccurinj 
-i -'- 
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hj bolte, OT Straps ; or <-lae by so arranging; the ends 
Ijcams that each shall fit into shallow tnangitjar i 
into the oth^r, the joint being secnred by iron hoops 
methi)d i* employed for round timber. 

523. TVlipnbeainaunitod at their ends arcBubjeete 

^strain, a &carf joint is generally used, the under port 

Ibaing secured by an iron plate confined to the oean 

'rjTie scarf for this purpose ma.y be formed simply by 

nbeams near tlicir ends ; but a more usual and better 




Fl^OC RiptMMitlanufJaliil fiiriicmw glnliv McarFil it batlooi bj tpif 
Bui^Dffd lo Vie Fkuhi by Iriui hDOfiA d, ti riu! ifjh «, jl 

^S) is to make the portion of the joint at the top 
the beams perpendicular to tlieir axes, and about o 

Their depth ; the bottnni portion being oblique to i 
"Well as the portion joining these two. 

When the beams aresanjected to a croes strain an 
ejaension in tlie direction of their ascs, the form o; 
most be euitably arran^d to resist each of tliese atraii 
sliown in Fig, 8!> is a suitable and uaual form for these 
folding we(^ key of hard wood is inserted into i 
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Iietween tbe parte of die joint which catch when the beams aro 
drawn apart. Tbe key serves to hring the turfacea of thejoiul"" 
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Fit 9fr— llppr**'"n*H ■ wTinf Joint ■.mih^'il in rc^i^i 14 cr<iM ri-ntta v*A -"re of 

Th. 






bntbini u-r (Ii« jiiint in wdiiri'd by in Irnn plats cunUiicd hj LmIU. 
^cd^ key InsartuJ i,i c frrffVHt t^brlbg all ttao fliLifikCi^B bf tlifi Julala lo Uh«lr b4f>rlfi^3k 

to their Ijoa.rin.fi?ji, ami to form an fthiitting suriaec to resist tLac 
strain of extetwioii. In this fc-nn of Pcarf the Bttrtace of tl»e 
joint -which ahuts against the key will he compressed ; tt«« 
pt-irtioiis of tlio benma jiiat above and below the key -wiU bfl 
subjected to extension. These jiarts should present the same 
amount ol' reeiBtanec, or have an equtilily of cros&section. The 
length of the scarf should bt; regulated by th« reaietance with 
which the timber employed resists derrusion compared witi 
its resistance to compreasion and extension. 

524. When the axes of beams fonn an angle between tht 
they may be connected at their ends either by hal ving then] 
on each other, or by cutting a mortise in the centre of one 
beam at the end, and limping the end of tlie other to fit into JL 

525. Joints for cunnfdtuif tfif end nf ono beam with the ybfl 
of another. Tiie joints iisea for tills purpose are termed morCi 
and tateit Jmntj>. Their iVnii will uepcnd upon the angle In 
tween the axes of the beams. AV^hcn tlie axes are perpcndicul 
the morriae (Fig. 90) is cut into Uie face of the beam, and the ei 
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ofthe other beitm is filuiped tntsia tennn to tit the mnrtiee. When 
the axes of the beams are ohliqne to each otlier, a triangular- 
notch (Fig. 91^ is uaiiiiUy cut into ilie face of one beam, fho eidi 
of the notch being pL-rjiendicular to each other, and a Bballr 
mortiee ts cut into the lower eurface of the notch ; the end v^.. 
the other beam is suitably shaped to fit the noteh and mortis^ 
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Tenon and mortise joints Lave received a Tftrietj* of forms. 
The direction of the strain and the ctfect it may produce upon 
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&e]ftint mast ID all eases regulate tliis point. In some eases the 
tircular joiat may be more suitable l!iaii tUosc i'onna wUicb are 
fJui* snrfaeea ; in olbera & double tenon may be belter than the 
ttmplc joint. 

Saft. Tiejabits. These joints are n&ed to connect beams 
'iiich croee, or lie on each other. The simplest and etroiigicst 
fwuof tie joint eoneiats in cuttingn notch in one, or both of the 
beauis to connect Ihcm Mcurely. Ent when the bpanis do not 
croM, but the end of one rests upon the other, a notch of a tra- 
pej^iidal form (Fig. 93) may be cut in the lower beam to receive 
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■ the end of the upper, wliich is eaitably shaped to fit tlie notch. 

"This, from it» shape, la termed a dovi-taU Jmnt. It ]8 of fre- 
quent une in joinery, but is not Bui table for heavy frames where 
lie joints are Bubj^cted to coneEderable straina, as it eoou becomes 
Itioe« from tlic shrinking of tlie timber, 

627. Iron J^rames. Cast and wrought iron are both uaed for 
frliaiea. The former ismoet&uitable where greatptrength com- 
bined with stiffness is required ; the latter for light frames and 
wherever the strains act maJoly as tensions. 

In iron frames the sarae general principles of combination 
He applicable as in thoao of timber, and they admit of tlie eame 
cUeeitication as. frames of the latter material. 

H Cast iron is most easily wrougbt into the best forms for 

Btrengthu The dimeneiona of the pieces must, however, be re- 
itricted within cerlaiu practical limits, both on account of the 
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labor and expense attendant npon the casting and handling' of 
beavT pieces, and the difficulty of proearing them of uniform 
qual itj wlien of Large size. Li airangiug tlie component partaof 
an iron frame, Tinit'^rmitr in the shape and dimensions is reqtd- 
flit* both for economy au'd porfoction of wfij-knianeliip ; and as far 
sepraclicablei til*' bulk of tiled iflerent parts of each piece sbtniJd 
be the same, in order to avoid the dangera arieing from aucqual 
shrinking in cooling. 

Wrought iron may be hannmered, or rolled into the most suit* 
able form for strength, but for frames bars of a rectAngular see- 
tion are moatlj- used. 

The joinfe in both cast and wrought iron frameearfj made Tipm 
the same principles as in those oftimbert the fttrma being adapted 
to the nature of the material ; they are sectired by wronght mm 
wedgeB, keys, bolte, &c. 

628, }*Tame«/or CrosJi Sfraliis. Solid beams of cast iron, 
moulded into the most tjiutable f^rma for strength and for adap- 
tation to'the object in view, may be nsed for supporting a cross 
Btrain where the bearings are of a medium width, Solid wronght 
iron beams can be used with economy for tlie same pnrposa 
only for short bearings, 

529. Open cast inm beams nre seldom need except in combina- 
tion witli cast iron arehoB. Those of wronght iron are freqnontly 
need in etructur*^, TlKy majbo formod of a top and bottom 
rail connected by diagonal piecee, forming the ordinary lattice 
arrangement ; or a piece bent into a curved form may be placed 
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between the rails, or any other snitable combination (Fijg. 93) 
may be used which combines lightneae withBtrengthandstiini48S* . 



FRAMDIO. 



"^ii 



530. Iron A rches. Cast iron aretes may be need for the i 
objects IIS thoeo of timber. Tlie frames for these pnrpoeea 
sist of several parallel ribs of uniform dimensions which are 
into an arch tonn, the ribs beiog connected bj horizontal 
and stificiied bj diagonal braces. The weight of tlie supers 
tiue is transmitted to the curved ribs in a variety of wave; 
nsnallv by an open cast iron beam, the lowerjiartof wliicll 
shaped as torcBtiiMri the curved rib,andthenpper partBuil 
formed for the object in view. These beams are also conni 
by ties, and stiffened by diagonal braceg. 

Sach rib, except for narrow spanB, is composed of se 
pieces, or sefjinente, between each pair of which Uiere is a 
in the direction of the radius of curvature. Tlie forms ar 
mensinnsof theeegmeuts are nni form. Tlie Begm&ntB are lis 
either solid, (Fig. 04,) or open plates of uniform tbickncse,hi 
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^ flan(?h of uniform breadtli and depth at each end, and o 
^'»lradce and intrados. Theflaach aervcB both tp give etr* 
*^ the segment and to form die connection between the segi 
^*>d the parts which rest upon the rib. 

Tlif ribe are connected by tie plates which are ineertei 
t~^reen the joints of the segments, and are fastened to the eeiyi 
■*>" iron ftcrew bolte whicli pass through the end flanchoH o 
^^pments and therie plate between them. The tie plates mi 
either open, or eolid ; the former being nsunlly preferred ( 
^oont of this superior lightuesB and cheapnofts. 

The frame work of the ribe Je etilfened by diagonal f 
■^liich are connected either with the ribs, or the tie plates, 
^ittgonnl braces are cast in one piece, the arms being ribbi 




19S 



ntAuufu, 



feaifi-cndi and tapering from the centre towsrda the ends in it 
suitable maimer in give lightness conibiiied with strength. 

The upen beams {Fig. ^4) which reet upon the curved ribs are 
cast in u Buitahle mimber cl' p&nek ; the joiat between each pair 
being either in the direction of tlio radii oi' the arch, or else vcrti- 
cfll. These pieces are also caetwitli flanchee, by which they are 
connected together and witti the other jiarts of the frame. Tl]e 
beams, hko tiie rihs, are tied togother and etifl'cned by ties and 
dift^*iiial braces. 

BcaniB of suitable forms for the purposes of the Btructorc are 
placed either lenctliwise, or crosswise upon the open beams. 

531. Curved nhs of a tubular form hare, witlun a few jeais 
hack, been tried with success, and bid fair to eupereedo the at- 
diiiaiy plate rib, as witli the same amount of metal they combine 
more strength than the flat rib. 

The application of tubular ribs waB £rat made in the United 
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StatcB by Msior DelafieM of tlie V. S. Corps of Engineers, in 
an arch for a&ridge of SO feet eprtn. Each rib was formed of 



nine segments ; eacli RKjjirieiit (Fig. 95) being cast in one piece, 
the Cfjee section of wliit'h ia mi (.'lliptieal ring of uniform Ihiek- 



^■ttn radics of curvu-Mire of the rib. A broad elliptical flancli 

^H ifitb ribft, or stays, ia caRt on each end of theeegment, to connect 

^V the parts with each other; and tliree chain, or smidle meres, 

with grooves iu thorn, are eaet upon tlie entrados of eacli seg- 

uienl, and at equal inten-als apart, to receive the open beam 

whtuh rests on tlie cnr^'ed rib. 

The ribB are connected by an open tie plate^ (Fig. 95.) Eaised 
elHpticftI projections are east on each face of the tie plate, where 
ii is comiected vrith the wgrnents, which are ftdjuatea acciinttelv 
til the interior surtace i>( each pair of segments, between whic'i 
the tie plate is embraced. The eegmcnts and plate arc fastened 
by screw bolls passed through the end flanches of the &egnients. 
The tie plates form tlie only connection between the curved 
xibs ; tlie broad ribbed flanches of the aecmenta, and the raised 
xims of the tie plates inserted into cho enae of the tubea, giving 
*d] the advantages and stiffness of din^onal pieces. 

532, Tiibul:ir ribs with an elliptical cross Bcction have been 
used in France for muny of their bridges. Tlicy were first intro- 
duced but a few years back by M. Polonceau, after wLoee 
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^m. H— R«)ifM>iili ■ CM* vie* A and > oon HsUon ud M>4 Ticw B thrmiBb ( )atDt Of H. 
, ■^vlanMBii'i tnbnlirr arch, 

^ 4>. lufi iimni?li, A, bbottum fliiDFli uF tbeieml-KgoieDUiinilciltbiig'UicTeracalJalatcdltariiOEli 
^^faa ul* at Uu rib. 

^^1 Mm rlf* nl tlin liilDLbr<tic*en [be OsnchFi i,eoflwo ■rml.TCgiiiEiit*. 
ImuTiUt at Ihefltcnhi'i. 
■^o* Mctlvfl at ■ xmil-Ksinciit ami lop uiil bvttnm iftmictiiia. 

.flQMwiltetaf wmniclii Iron iiLacsd W raven the eDd RaflebnsT llse HiDl-Mi|CiiiefiUt» brlHf 
Mw pvta lo tbtJr )^ro|>vr twarlag. 
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designs the greater part of these stnicturee hare been bnilt- 
According to M. PotonceauV plan, each rib consists of two 
symmetrical parts divided lengtiiwise by a vertical joint, E«ch 
half of the rib is composed of a mir»b<?r of Begments &o diBlribnt- 
ed ae to break joints, in order that when the aeginents are put 
together there eliall beno continuous croeBJosiit through liie nbs. 

The seginenta (Fig. 96) arc cast with a top and bottom liaBCb 
and one also at each end TIig haWeft of die rib are coiiDGcteJ 
by bolls through the upper and lowet flanchcs, and the eegnients 
by bolts through the end flanches. 

For the piirposea of adjuBtiDg the segments and bringing the 
rib to a suitable degree ot tension, flat pieces of wrought iron of 
a wedge shape are driven into tho joints between the segments* 
and are coofined in the joints by the bolts which iasten th.5 
segments and which also pass throogh these wedges. 

To cono'ect the riba with each other, iroa tubular piecos 
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placeJ betwe*!! them, the puds of the tubes bein^ gnitjibly ad- 
jiistiMl to tlie sides nf l!ie ribs. Wrought iron rods whk'li eervo 
as ties pase tJirough the tuhce and ri\m, being arranged with 
seT«wB and mits to draw the ribsfimily agninfitthe tubular precee. 
Diaff<}aat pieces ot" a suitable fona arc placed between tlie ribs 
to ffiTethem the requisite deeree offitinneBB. 

d the bridges constnicteu by Mr, Polfincea'i according to 
this plan, be supnortH the liingitudinal beams nf the roadway by 
cast iron rings wliieh are fiigteued to the ribs and to eaeli oiher, 
and bear a ebair of suitable fonn to receive the beams. 

533. Iron roof Trusse-g. Frames of iron for roofs Iiave heon 
made either ^titirely of ■^rrouglit iron, or of a cf^mbinaiion of 
WTOttght and east iron, or of these two last msterialft combined 
with lumber. The oombinationg for the trnsePB of roofs of iron 
«re in all reepects the same as in thoee for timber tmsaee. Tlie 
parts of the trots subjected to a ero66 strain, or to one of com- 
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Iron, 
^ "J. fr«tber"ri slrnli orciwt Iron. 
^". rasiirniion bin In pilrt 
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^'i ■Oil// otsM^MVuoi oTbeamarMUBf li.Ch.DaMlraiLtMfttlB tiHUMolt^ witli M-t 
tioiilruk 
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preasion, are arranged to give ihe most Boiteble forms for 
etrengtb, and to adapt thetn to tbo objecf in riew. T!ie parts 
Btibjected to a strain nf extcnwon, aa the tie-beam fln<i king and 
qnecn prigtB, are made either of wrought inm orot"tiiiiber,a6ma/ 
helbund best adapted to the particular end propoetd. The joiatji 
are iu some cases arranf^d hy uisertiiig tlie ends of the beams, 
W bare, m cast iron sockets, or ehoes of a suitable forra ; in) 
■others the beams are united by jointfe arraagiid like tluiee fori 
timber fpaines, the joints in all cases being secured by wrought 
iroo bolte and lce>-B. (Figa. 9T, SS, atid 99.) 
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634. M&nble Siipj)orta/or Frameg. Chains and ropes may 

freqaently be aiibstituted with adriintage, forrisid iiiiLteriBl8,iiB 
intermediate points of support tor frames, forming Bystema of 
Buapension in whiuh the parts supported are BiispendGd from 
the flexible enppOrte, or else reet upon them either directly, or 
through the Intermedium of rigid beama. 

635. All Bjetema of suepeneibn are based upon the proper^ 
which the catenary curve in a state of equilibrium poeeeasea 
of converting Tertical preBenres upon it into teneions in the di- 
rection of the curve. Tlieee Bjetems therefore offer the advan- 
tages of jireaenting the niaterials of which they are composed 
in the beet manner for calling into action the grcateet amount 
of reaistance of which they are capable, and of allowing the 
dimensions of the parta to ho adapted to the strain tlu-own upon 
them more accurately tlian. can be done in rigid Bysleme ; thus 
avoiding much of the unproductive weight necessarily' intro- 
duced into structurea of etone, wood, and cast iron. They offer 
also the farther advantages that in tjieir construction the parts 
of which they arecomposed can be readily adjvBted, put together. 
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And tiken apart for repairs. They preaont tliedifiadvanlagesof 
rhanffiug both tlipir I'onn and diiiiensious I'roin llic ftction of the 
weUner and variations nf K^iiipuratiire, and of being tiable to 
grm accidcDtg t'r<Jin undulations and vertical ('ibnitt<>iis caused 
% iiiirli wimis, or movLtilde loads. The re(iuire, therefore, Uiat 
the tixt'd p'jiiits uf fi«i.jp>irt of tho systein should he vtry tirui 
anil chirable, and that cfJiistatit attention shuuld be given to 
k*»p liit-eysteiu in a thonmgli bliitu uf repair. 

tM. A chain or royid, when fafitoncd at each extremity to 
fiiftd points of STippnrt, will, from the action of gravity, assume 
tho fomi of a catoaary in a state of equilibriiun, whether tlia 
tru extremities be on the eaiue, or ditierent levels. The rela- 
tive height of tlie fixed supports may therefore bo made to 
tojifurai to tlio locality. 

S37. The ratio of Uie ver&ed sine of the arc to its chord, or 
^Ui,will atso depend, for the most part, on h)cal circuniiitanoos 
ttd the object of the suepeuded structure. Tlie wider tlie span, 
orehord, for the eame versed sino, die greater will be tlie 
tannun along tlie curse, and the more strength will tiierefure 
be reijnired in all the parts. The reverse -will obtain iWr an 
incttoM of vereed sine Ujv tlie same span; but thel'e wiU bo an 
increagj:- in ttie lenirtli of the curve. 

53S, The chaiuis'^inay titlicr be attached at the extremities of 
tlie curve to the lixcd supporls, or piera ; or they may rest iijwn 
them, (Fig. lOO, 101,) being fixed into anchoring madi^et-, or 

^ d 
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fthntmentB, at eorae distance beyond tlie piere. Ij-ieii] eireuiri- 
Btancefl. will detcnnine which of the two methods ^vill be tlie 
more suitable. Tlie latter is generallv adopted, particularly if 
the piera require to be high, since tSie strain upon tbeni from 
&K tension might, from the leverage, cause rupture in the pier 
near the bottom, and becaiiso, moreover, it remedies in some 
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degree the iflconvcniente* ftrifting from vamtions of tension 
caused cither by & moveable load, or changes of tcmperatm 
Piprs of woodjOr of cast iron moveable around a Joint attht 
baee^ hafo been used instead ol' fixed piers, witi tbe obj( 
of remedying tlie s-ame incoDvenlences. 

539. When ths chains pass over the piera and are anclioretlj 
at some distance beyond tbcm, tliey may either rest vpn 
tuil'iic pitcea of cast irou, or upon pulleys placed on the pier 

540. The pcfsition of the anchoring painta ■will depend upool 
local circumstancee. The two branches of the chain may eitlieq 
make equal angles with the axis of the pi'&t', thue asEuming tl 
same eunature on each side of it, or else the extremity ot th 
chain may be aochored at a point nearer to the base of the piel 
lu the former case the resultant of the tensions and weight* wi* 
be vertical and in the direction of the axis of the pier, in 
latter it will be oblique to the axis, and ehould pass eo fl 
within the base ihat tlio material wilt be secure from crushing 

o41. Th« anchoriDg- points are nsually ma&sca of matonry 
a feHitable form to resist the strain to which they are feubjcctt 
They way be placed either above op below the surface of t 
grnimd^ as the locality may demand. The kind of resiataac 
oflered by tliem to the tension on the chain will depend u] 
the position of t!ie cliain. If the two branches of tho ch&in mail 
equal angles with the axis of the pier, the resistance offer 
by the abutments will mainly depend upon the streneth of 
materia] of which they are formed. If the branchee of 
ciiEin make unequal angles with the ajda of the pier, the braD< 
fixed to the anchoring meiss is ufiually deOectcd in a vertici _ 
direction, and bo secured that the weight of the abutment mal 
act iu resigtiug the tension on the chain. In this plan tise 
pulleys placed on very firm supports will be re^^uired at the p<tii 
of dniflection of the chain to resist the pre^suro arising from' 
the tension at Ihcsu points, 

"WhenevGpitispracticablelheabutnientandpierBhooldbeBmt- 
ably comiocled to increase the resistance oftmd by tie former. 

The connecliou between the chains and abutment* ghonld be 
BO nrrnngvd that the parts can be rendilv examiii'ed. The chains 
at these points are sometimes imbeilded in a paste of fat limu to 
preeervo them from oxidation. 

ij42. Tlui chains may be placed cither above or below tE 
Btnicliiro To be supported, Tlie former give« a Ryslem of infi; 
Btftbilily llioiv the Intler, owing to ihe position of the centre < 
gnivily,hut it usually requires high jiit-re, and the cha.in cjumot 
generally be so well arranged m in the latter to subserve the re- 

§uireti purposes. Tlie curves may cimsist of one or more chaiao. 
cveral are usually preferred to a single one, as for tin 
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int of metal they offer moro resifltaiico, can bo moro accu- 

itcly nianafactrtTGcT, arc Icbs liable to accidonta, siid can be 

more c&fiily put np and replaced tliaii a single chain. Tlie 

fcbaias of tho curve may be jilai'tjcl eitiei'side by side, or above 

keach other, according to circmnstiinces. 

f 543. The cnrvee iiiay be formed either of ehainj, of wire ca- 

[blcs, or of bandfi of hoop iron. Each of these methods hae 

rfoiind its respective advocates among enifineers. Those who 

fpreJ'er wire cables to chains uree tliat the uittor are more liable 

tty accidents tlian the former, that their atrcngth is lesa uiilform 

[Binl less in proportion to their weight than that of wire catdes, 

'"tlint iron bare are more liaMe to contain eoncoaled defects than 

wire, that the proofs to which chains are subjected may increase 

! vritlu>ut, in all cases, ciposiuy these dofccte, and that the con- 

^Btniclion and putting up of chainB is more exjienBive and diffi- 

fCult than for wire cables. Th* oj)ponenta of wire cables state 

Imt they are open to the same objections as those urged aeain&t 

liaina, that they offer a greater amount of surface to oxidation 

han the eaine volume of bar iron M-ould, and that no precan- 

Bati cBD prevent the moifltnra from piiuetrating into a wire 

"'It and causing rapid oxidation. 

_liai in this, as in all liie discussions, an exaggerated degree 

^f importance should Lave been attached to the Ejections urged 

foD each side was but natural. Experience, however, derived 

[from existing works, has shown thnt each method may be ap- 

Kilied with safety to structures of the boldest character, and that 

Rv'herever failures have been met with 3u either method, they 

Were attributable to those faults of workmanship, or to dcf&ets 

In the material used, whidi can hardly bo anticipated and 

Lovoidt'd in jmy novel application of o like chaructor. Time 

ufttoiie can definitively decide nnon the comjiarative merits of the 

[two methods, and now far eilher of them may he used witli 

fcltdvaiitj^e in the place of etructiircfl of more rigid materials. 

544, The chains of the ctirvos may ho fonned of either round, 

icare, or flat hai-s. Chaiua of flat bars have been inost gene- 

ly used. Tliese are fonned Jn lon^ links which are connected 

>j short plat<;d and holts. Each link consieta of several bars of 

lio «*ame length, each of which is i>erfDrated with a hole at 

each end to receive the connecting bolls. The bars of each 

link are placed side by side, and lie linVfi are coimcetod by 

the plates which form a short lint, and the bolts. 

The links of the portions of the chain wluch rest upon the 
iiers may either be bent, or else be made shorter tlian the 
jthere to accommodate the chain to the curved form of the &ur- 
face on which it rests. 

645. The vertical eu'sponslon bars may be either of round or 
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equaro bare. Tliey are usually made witli ono op more arricn- 
lationS, to admit, of their yielding with less strain to tlie bar * ' 
any motion of vHbration, or of ci8ciIlation. Tliey may be sue 
pended from tlio connecting bolts of tJio lints, but the prefers 
ule melJiod is tu attach tLetn to a euitalilc saddle piece whiclll 
is fitted to tlie top of the chain and lliuii distributee tlie fiti-aiiy) 
npon the bar more uniformly oyer the bolta and links. Thi 
lower end of the bar ia BuitJiblj arranged to coun^^cl it wtthl 
the part eugpcmiod from it. 

546. Tlie wire cablug used for ccrves are composed of wirM 
laid side by side, wliich arc brought to a cylindrical eUaj'c andi 
confined by a spiral wrapping of wire. To form the cable scvm 
ral equal sized ropes, or yaine, are firet made. This may bflj 
done by cutting; all the wires of the length required for the yam, 
or by uniting end to end the roquieile number of wires tW the 
yarn, and then winding thorn around two piecog of wrought i-j- 
of cast iron, of a horse-shoe shape, with a gnitable gorge to re-j 
eeive tlie wires, which are placed ns far asunder ae tJie required 
length of tlie yarn. Tlic yarn is Umdy attached at its two ends 
to the iron pieces, or a'upjiern^ and tlie wires are temporarily con-j 
fincdatiiitcrmediatepointsbyatipirnllashiiigofmre. Whiclicver 
of the two methods be adopted, great care must be taken to give 
to every wireofthe3'ariithe6aiuecietri'eeoftei]fiionby asuitabla^rt 
mechaniBm. Tlie cable i& comiileteil after tlie yarns are placed^| 
upon the piers and aeeured to the anchoring ropes or chains ; lor 
thia pnrpciee the temporary laslungs of the yarns are undone, aud 
all the yarns are mured and brought to u cylindrical $haj>e and 
secured tliroughout the extent of the cable, to within a short 
distance of eacli pier, by a continuous spiral lashing of wire. 

TliO part of the eable wliicli rests npou the pier i$ not hound 
with wire, but is spread over the saddle piece with a uniform 
thicknestj. 

547. Ttic euepension ropes are formed in tlie same -way m the 
cables ; they are usually arranged -wiiJialoop at each end, form- 
ed around an iron eriipper, to connect them with the cnble% 
to which they are atliiclied. and to the parts of the structure 
auapended from tlicm by suitable saddle pieces. 

548. To eecure the C8l>k-i- from oxidation the iron wires are 
coated with vmin'sh before (hey are made into yams, and at'ier 
the cables are completed they are cither coatedf with the ueu 
paiute for sccnriiig iriiu from the cfl'ects of moisture, or else 
covered with some inipernieable malcriid. 

B49, Erperhnent'! oiithe Sii\iigih nf I'^ravies. Experimental 
reeearehee on thiB point have been mostly reBtrieted to thos« 
tnade with models on a comparatively small scale, owingto tin 
expense and difficulty attendant iipou esperiments on frniu 
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BRIDGES. &c. 



550. tlstiKH tliie head will lie com|irif?ed lliat cla&e of etmc- 
tnres whose object is to afford n lino of comnmnication abore 
the general enrfaco of a country^ eitlicr by means of a roadway, 
or of a water-way, without olfstnictiag iLoso commimicatiwafi 
which lie iipnn -tlic enrt'scc. * 

"Wlien the etnicliirc supjuirt* a roadway it ia termed a viaduttf 
and when a water-way an ajjiwdupf. 

If tlic ptructiire ie liiuite'i to aliV.niinff A ci>mmanicariou ovey-a 
a water-course, it is tenneil a hriihjt when it supports a roa'feH 
Way, and an a<fnvduct^rid^e when it affords a water-way. ^ 

For the conyenience of (leecription, bridges, &c., may be claa^^ 
sified either from tlie kind of material of which they are ci>n« 
Btructed, as & Sf<me-Bndg<', a Wiwdcn-Jiridy^^ Arc, or from 
character of tlio structure^ as a Permaneid-Bridge, a Jhai 
Bridge, &c. 

STONE BBIOOEa. 

55i. A Btono hpid£;e eoneieta of a Tondwav which rosta up 
one or naon- archca, iisnally of acylindrical fonn, tli« abutmen 
and piers of the arches beijig of suffieicut heiglit and stren 
to secure them and the roadway Irom tlie eH'^^cts of an extra< 
dinary rise in the water-cnuree. 

552- Loc^aliiy. The point where a bridg;e may be reqnired,' 
as well as the direction of the arh, or centre line of the roadway 
over the bridge, usnally depends apon the position of a Hne of 
comtminlcAtian which travereeft tlie watcf-course, and of whicli 
tlie bridge is a nccessim- link. When, however, rhu engineer i» 
not restricted in the choice of « Eiiiitable hricality by this condi- 
tion, he shoukl endeavor to select one where the Boil of tlie bei 
will afford a Arm support for the iViundations of the gtructui-e 
where tlie appfOOcJuii^ or avenues Icadinp; from the bauke of th' 
watercourse to the bridge can bo easily made, not recjuiring' 
high embank ment:* or deep excavations ; and one where the re- 
gimen of the watcr-conrae is unilbnn and not likely to 1 
changed in any hurtful degree by elbows, or other variatioi 
in the water-way near the bridge, or by the obstnictiii'n whi 
tho foundations, «tc,, of tlie structure may offer to the free dii 
charge of the wsiter, 

Toavoid the diflicultiefl which the construction of askew arch 
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. ' >!h>ii1iI lie jicrpeDdicuIar to the 

.::i Mi.-iiicff"rtlieeecimtyoftIie 

'" i '- ■:- itml iiljiitnientd ot' the an-hcii 

■ :!iri-:iil ■•!' the currtiit. 

■ :■ r"i:-iiU'ratiiiii?tIii.'I"caliry mtiy 
-■;ivi\- iriii-: W iiia*if ii'>: ■•nlv nt* 

-r;i;:'i it- viivinnis I'lr mhiii- (li>tai)cc 

■ w iiicii I lit- liriiliji.' will <«:fiiiiy. Infii- 

,■ J-- .'i' tlic iii-i>l>:i!>!i- illVft- wliicli till.' 

■..:'.■, '[■.■AW 111" 111 tlif iiatiirul rfiriiiK-ri i»t't!ic 

■ -iir\i-\' will lie ti," iiscertaiii tliormi^rhly the 

:■!• ^iirlUcf, the iiature <it' the eiil'SH/il "f thu 

I til.- wator-eimreo. and the tliaraettr of tlie 

':•- -iirlV-rnit iihaws nl' lii^h ami lnw water, and 

i .:- iiit'iniiatiiin will be cniLixlied in atopographi- 

■ ■V -s aii'l I'iii;;itudinal sectinns of the water-eounjc 

' -'riitii lit' it.-i hod and lianke. a■^ a»c-c-rtained hy gnund- 

'<':-'riL'~; and in adeecrijitive nieniuir which, I)e>id(.'6 the 

■i' tiie water-courec. ^iKiuld exhibit an account uf 

-. ixHriisiiincd either by iiernianenr or )iy accidental 

i- inmi the eftects of extninnlinary iK'pht-tp, ttr fn»ni 

-^viicliitii iif bridges, dams, and i^thcr artiticial chan^'ts 

I tla* bt^d or bank*. 

■. Iliivin); obtained a thorough knowledge }ioth of tlu-iiosi- 

■" I,ie<n-c'U|Hedbythc bridge and its envlmnrt. thetwonioat 

.::ii! {I' lints whicii will next demand the cnn^ideratinn of tlie 

-!:.ii.T will be, in the first place, so toadajit liitjiiroixii^edstnic- 

".;■■ iMliclucality, that asutheient water-way shall bt'lfctUwth for 

■ :i'' i;.';ii,Ie ])uq>oi!es and for the free diecharfre of the water accn- 

:iii:|;ited during high freshets ; and. in the t^econd, to adopt i:uch 

j' >y^tein of fouiidationa as will l>e most likely to ensure the 

istvty of the structure when exposed to this cause of danger. 

5.*i5, ^Fater•u}ay. When the natural water-way i»f a river is 
obitnicted by any artificial means, the contnictifni, if coii^ider- 
sble, will cause tlie water, above the [Kiinl wliere the obstnicri'm 
u placed, to rise higher than the level of that below it, and \)r<t- 
dnee a fwl, with ap increased velocity due to it, in the current 
IWween the two levels. These causes during heavy freshets, 
flay be productive of serious injury to agriculture, frrjni the over- 
flowing of the banks of the water course' ; — may endanger, if not 
entirely suspend navigation, daring the seasons of freshet rt ; — and 
expose any structure which, like a bridge, forms the ol>&truction, 
to rain, from the increased action of the current uinm the soil 
ttonnd its foundations. If, on the contrary', tlic natural water- 
way ia enlarged at the point where the structure is placed, with 
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the view of prevccting these coneeqnences, the TelocitT of tbo 
cnrrent, diirine the ordinary BTages of the water, "will be dc- 
croascd, an^l this -will occasion deposits to be formed at the 
pomt, which, hygraduallj fllUng up the hed, mig-ht, on a sodden 
rise of the water, prove a more serioii&otBtniction than die stmc-. 
ture itself ; imrticiiiarly if the main hody of the water ghould bap- 
pen to be diverted by the deposit from its ordinary channels, and 
form new out* of greater depth around the foaudaidons of the 
stnictiire. 

The water-way left hy the structnre should, for the rcasoos 
above, he so regulated tliat no coneiderahle change flhall heoc- 
casioaod in the velocity of the current through it during the 
moat unfavorable etageg of the water. 

656. For the jjurpose oi' deciding Tipon the most snitable ve-' 
loeitT for tho current through tht> eon traeted water-way formed 
hy the stnicture, the velocity of the current and its effects upon 
the soil of tiie hanks and bed of llie natural water-wajehould he 
carefully noted at tlioee seasonfi when the -water ie hicheet ; se- 
lecting, in preference, for these ohservationa, those pomt« above 
and below the one which the bridge is to occupy, where the 
natural water-way ia moat contracted. 

55T. Tlie velocity of the current at any point may be ascer- 
tained by the simple process of allowitif,' a light ball, or fW/of 
Boine materia!, like white wax, or camphor, who&e specific grav- 
ity is Bouiowhat leas tlinn timt of water, to be carried along hy 
the current of tlie middle thread of tliewater-coiir8e,and noting' 
the time of its paBsage between two fixed stations. 1 

558. From tlie velocity at the surface, ascertained in this 
way, the average, or mean velocittj of the water, whicli flows 
through the cr(.iB9-&ection of any water-way between the statioiM 
where the observations arc taken, may be foiind,by taking four 
fifths of tlio velocity at the surface, >^ 

Ilaving the mcftn velocity of the natural water-way, that of 9 
the artificial water-way will he obtained from the following ei- 
preasion, 



i 



w = m — v. 



^ 



in which a and v represent, respectively, the area and ml^ 
velocity of the artificial water-way ; b and v, the same data of 
the natural waler-way ; and m a constant quantitv, which, as 
determmedfrom various experiments, may be represented by the 
mixed uiunher 1,09". "' , 

With regard to the effect of the increased velocity on the h^ 
therearenoexperiments which directly apply to the cases uBaally 
met with. The foUowing table ie drawn up from eiperimentB 
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made in a confineJ channel, the bottom and eides of the channel 
being lonned of rongh boards. 
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559. ^oyi. With the dala now before liim, the engineer can 
proceed to tlie arrangeineut of th« fonna and details of the va- 
rious parts of the proposed structure. 

The first point to be considered under this head will be the 
number of ooy*, or intervnls into which the natural water-way 
must be divided, and the forms and dimcneions of the arches 
which span the bays. 

As a general rule, there ehonld be an odd nrnnber of hays, 
whenever the width of the water-way is too great to be spauncd 
by a single areh. Local cireiimataiiflfs may require a departure 
from this canon ; but when departed froin,il wiU be at the cost 
of architeeliiral effect; sinoo no socondarj' feature can nccnpy 
llic central point in any architectural composition without impair- 
ing tli£ beauty of the structure to the eve; and as the urches 
are tlie main features of aetone bridge, the central point ought 
» be occupied by one of them. 

The width nf the bays will depend mainly upon the cliarac- 
or of the current, the nature of the soil upon which thefounda- 
>ns rest, and the kind of material that can be obtained for tlio 
jmaaonry. 

For streams with a gentle cnrrent, which are not subject to 

eov^y freshets, narrow bays, or ihoGG of a medinm size maybe 

ftdiiptod, because, eren a considerable diminution of the natnrat 

Wat(?r-way will not greatly aifeet the velocity under the bridge, 

find the foiindationstlicrefore will not be liable to be undermined. 

Ilie (lifHculty, moreover, of laying the foundationsinstreamBof 

Huft charftc-ter is generally inconsiderable, For streaine with a 

l*a}>icl current, and which are moreover subject to great freshets, 

Mri«lt! bays will be most enitable, in order, by procoring a wide 

^»ter-way» to diminiBb the danger to the points of support, in 

|»laciiig as few in the stream as practicable. 

11" materials of tlie best quality can bfr procured fw the stmc- 
iTire, wide bays with bold arclies can bo adopted with safety ; 
but, if the materials are of an inferior quality, it will be most 
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pnident to adopt fcaya of a small, or me^diura space, and 
Btrong furm of arclt. 

5G0, Arehes- Cvlindrical art-hce with iWT of tlie nsoal fom 
of curve of intratloa may lio used for briages. The selectiot 
■will be restricted by iheVidtb uf ibe bay, tbe higliest watcr^^ 
lercl during freeliete. llie approachce to the bridge, and tb< 
arcliitectunU etfect which may be produced by the atnicture, a*' 
it IS more or K-ss c-xp<>si,'d to view at the iatunnediate &tag(« bo* 
twecii hi^h and low \Yaler. 

Oval and eegmeiit arches are mostly preferred to llie fall cen- 
tre arcli, particularly for medium and wide bays, IWr the reasonij 
that, for tlie same level of roadway, thoy afl'onl a more amplal 
wftter-way mider them, and their beads and spandrels otfer a{ 
BmaJlcr surface to tho pressure of the -watcrduringfreBhDtathwi 
the fill] centre aroh under like circumstances. 

Thw full centre arch, from the intrinsic beftutj of itsform, the 
Bimplicity of it8eon8tnietion,Bnd]t8etrength,glionhiboprct'crrtHl 
to any other arc!i for brid^ee ovct wntor-courses of a uniformly 
moderate eiiiTcnt, and which arc not subjected to considerable 
chanffea in their water-levels, pflrticnlarlywhenit&adoptioo does 
not demand expensive emhaiutuients for the approaches. 

rf the have spanned by tlie arches are of the same width, th< 
curves of all the arches muet be identical. If the bays are of 1 
unequal wldtli, the widest should occupy the centre of thestmo-J 
tur*', nml Ihoae on each eide of the centre should either be oM 
c<inal width, or eUe decreaee imifoimly from the centre toeacbl 
extr^niilj' of the bridi^e. In this case the curves of the arcli««i 
BhouKI bo aimilar, auif have their apringing linea od the sam*"! 
level throughout the bridffc. 

The level of the Bpringing lines will depend upon tho rise of 
the nrchee, and the height of their crowns abovctne water-level 
of the highest freshets. Tlie crown of the arches ehouUl noT^aa 
a gcneriU nilo, be lees than tliree feet above the hijiheat known 
water-levol. in order that a passage-way maybe lel\ forfloating 
hmiiL-s descending during freshets. Between this, the lowest 
p.i«ilinn of tliQ crown, and luiyothcr, the rieeehoidd besochown 
that the approaches, on tlie one hand^may notbe unneceesarily 
raised, nor, on the other, the springing liues be placed bo low- 
as to mar the architectural eftect of the structure durinff the - 
orojtiary stages of the water. 

AVhcuthearcIieeareof tlic sante size, the asia of the roadway 
andthe pnncinal jirehiteeturallineswhich nm lengthwise alone - 
Uie heads oi tl.e bridge, as the top of the parapet, liie cornice. - 
f^Ui-" ; •* lionznntal. and the bridge, to nso a eommou-^ 
SeTeZ; it"" f; -^f'fi^-^'i thn.ughout.'' This haa for aom« 
time hooa a tavonte tealure m bridge Architecture, few of tl " 
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rcceu-t aiid celebrated brid^ee beiiis; witliout it., aa it i^ 
tilMl|(fl^^togivo a character of lij^litiif^i ftiitl boldness to tliostruc- 
^jiire which is wantine in bridged buih with a imit'onn deulivit}" 
^KvQi the centre t.i tiie extreme arches. Without stopping to 
^Kxaiiiine this claim of architectural beaiitj for levd. bridges, it 
^Bba Well to statu that it amy be purchased at too greqt a cohC, par- 
(iciiUrly in Incahties where tin; relative level of the roivdway 
mid lit' th<t ndjacent ground would demand high eDibaukmcnts 
lor the ai'proHulie?. 
^^ 561. jSlyle of Architecture. The deelgn and con&truotion of 
^b bridfc should be guvcrued by the game ^eueral principk's as 
^Kny other architectural coiiipositii^n. As, tbe object of a bnd^ 
HyJB to bear heavy load^, and to withstand the effects of one of 
the most destnictivc agents with which the engineer ha» to 
contend, the getioral character of ita drchitccturo should be that 
>!' atresigth. It should not only he secure, but to the apprehen- 
lion appear 60, It shoidd be ei;[iiidly removed from Egyptian Ttiag- 
eivenwa iind Corinthian Hglitnes.^; while, at the eaine time, it 
^^LmuM coufomi to t!ie teaturea of the surrounding locality, being 
^btore ornate and carefully wrought in its minor details in a ci(y, 
^■luid near buildings of a soinptuoKS etj-le, than in more obecure 
quarters; aud assuming every tthade of conformity, from that 
viiicJi would be in keepingwitU the hiuubteat hamlet and tamest 
laad ftcape to the boklci^t featurce preseiite<i by Nature and Art. 
^^"(licitv aud Btreiigth are its iiHturalcharacterjaties ; all oma- 
tof detail being rejected \%]iicli is not of obvious utUity^anii 
iitablc to the point of view from which it must be fteen ; lis well 
. all sttempta at boldueBs of general design whidi niiglit nfe 
se to a feelingofiuBecurity, however unfoiindGd in reality. TUe 
it, tlierefore, that can he tried in the way of mere ornament, 
•ren under the most favorable circumstaTicee, will lie to coiuhlne 
IJie vouesoirs of Uie arches with the horizontal coureee of the ppan- 
druls in a regular and euitahle manner, — to add a prt»jecting cor- 
tiice, wi ill. supporting uieniberB if uoceseary, of an agreeable pro- 
file, — and to giro BJith a form to the ends of the piera, termed the 
9tarl^n^gf or cui^icaters, as ahall heighten the general jdeaBisg 
^flbct. The heads of tJic bridge, tlie cornice, and the parapet 
«Iiould also general ly present an lUibrokeD ontliue ; this, however, 
Xxk^y be departed from in bridges where it is de»mldc to place re- 
oeeftee for seals, eo as iiotloiiilcrl'creM'ith the footpaths; in which 
case a plain buttress mav be built above each starling to support 
tJte reccaeanditeeeatfl, the utility of which will heobvious, while 
it will give an appearance of adattinnal strength when the iieight 
of the parapet Above the atarliugs m at all considerable. 

562. Caiutniction. The Mcthodti of laying the fonndatioTis 
mgfi Btnicturoa of stone, »fec., described under the article of 
K 27 
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Botuy, being alike appliciible to all stmeturee which come under 
tiiia denomination, there only remaiue to be added under ihi'S 
heHd wbaWver is peculiar to bridge-bnilding. Either of l3i* 
methods referred to may be employed in laying t he foundatioM 
of the abntmenta and piers of a bridge, which, in the judgment 
of the enj^neer, may be most suited to the locality, and will b* 
least expeii&ire. Aa the foundatioiiB and their beofi of the par^^ 
in quMtion are greatly expostil, from the action of the <;ttrren' 
both upon tlie soil around them and upon the materials tiety-*^ 
for their conetruction, the utmost precaution should be taken T^ 
Gecure them from damage, by giv^ing to the foniidation-beU n-^ 
ample eprcad where the soil is at all yielding ; by selecting *l»* 
most durable materiak for the masonry of tbese parts; and 1*^ 
employing eome Buitable means for Kecuring the bed of tU'^ 
natural water-way around and between the piers from beln^ 
removed by the cnrrent. 

563. VarioHB expedients have been tried to effect this 
objt'et ; among tlie mo&t simple and effieacione of which is th; 
of covering the eiirt'ace to be protected by a bed of stono brokt 
into fragments of sulhcient bulk to resiBt the velocity of th^ 
current in the bays, if the soil ie of an ordinary clayey mud ? 
but, if it be of loose Band or gravel, the surface fihoiud be firsts 
coverad by a bed of tenacious clay before the atone be thrown- 
in. The voids between the blocks of stone, in time, become 
tilled with a dt^prnjite of mud, which, acting aa a cement, ^veSi^H 
to the mii^ a character of great durability. ^M 

564. The fonndation courses of rlie piers ehould bo formed of 
heavy blocks of cut stone bonded iu the most careful manner, 
and carried np in offsets. The faces of the piers should be of 
cut Btone well bonded. They may be built either vertically, or ^^ 
with a Blight batter. Tlicir thickuess at the impost ehoukl tie^| 
greater than what would be deemed sufficient under ordinary ^* 
circnmetancca ^ as tliey are exposed to the destructive actimi of 
the current, and of eliocks from heavy floating bodies ; and from 
the loss of weight of the parta immersed, owing to the buoyant j 
effort of the water, their resietance is decreased. The most bug- ^| 
eessful bridge architects have odopted the practice of making ™ 
the tliickness of the piers at the impoat between one sixtlt and 
one eighth of tlie span of the arch. Tlie tliicknees of the piers 
of Ae bridge of Neiiilly, near Paris, built by the celebrated 
Perronet, wiioee works fonn an epoch in modem bridge arehi- 
tectiire. is only one ninth of the span, its arches also being rfe- 
markablo tor the boldne«a of their cnrve. 

565. "nie UBual practice is to give to all the piers the B&Tn« 
proportional tliickueea. It baa however been recommended by 
some engineers to give eutiicient thickness to a few of the piers 
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'to reeiet the hnrizonfal thrnst of llie arches on either side of 
tbem, and thne secure n part of ihe etmctmre from ruiu, ehottlil 
an accident happen to any of the other piers. These masscB, 
to wliieli tlie narae abutment pi^rs has boon applied, would he 
objectionable from the diminution of the natural water-way that 
wouhi be caused by their bulk, and from the additional cristfor 
tlieir conistriict-iori, be&idcs impairing the architectural effect of 
tlie Btrucliire. They preeeiit the advantage, in addition to their 
main object, of permitting the bridge to be conetrncted hy 
Bectionfl, and thus proctire an economy in the cost of th« wooden 
centres for tlnj arches. 

Tttifi. The projection of the starlings lieyond the heads of the 
'bridgCjthc'Ir form, and tlie height given to them abov* tlie epring- 
jiiij; line?, will depend upon local circumistancefl.. As the mam 
objects O'f tlie starlings are to form a fender, or guard to secure 
tliemaE'>nry of tlie apandrele, &c., from being damaged by float- 
ing bodies, and to eerve as a cut-water to turn the cement aside, 
and prevent the formation of whirh, and tlieir action on the bed 
Broiinii t!ic foimdatioiis, the form given to them ehould euhscrve 
Itoth those purpoaos. Of the ditierent fonnsnf horizontal section 
-which have been given to starlings, (Figs, 107, 108, 109, 110,) 
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the semi-ellipse, from experimonta carefully loade, with these 
ends in view, appears beat to satisfy both objects. 

The up and aown stream starlings, in tidal rivers not eubject 

lo Jreshets and ice, neoally receive the same projections, which, 

when theirplau is a Bemi-ellipge^mnet be BOmewhat greater than 

litlie semi-width, of the pier. Their general vertLcu outHne is 
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■Water-level. They are fiui&hed at top with a coping uUme to 
pi-eserve the masonry from tlio action of rain, •Stc. : this 8lone, 
termed the hood, may receive a couieal, a spheroidal, or any 
other shape wlitcJi will subserve tlie object iu view,and produce 
a pleasing areliitecturaJ etiect, in keeping with the locality. 

In etroams subject to freshets, and ice, the up stream Btarlinga 
ehoold receivi 
moreover, 



'eamti suujecT to iresnecs unu ice, uie uubireuru Hutruiigu 
■eceivc a greater projection than tlioee Jowu stream, and, 
er, be buUt in. the form of an ijicUiied plane (Fig. 115) 
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Eilitate the breaking of the ice, an^ its passage through 

BTChcfi. 

567. Where Uie banks of a water-course spanned hy a bridge 
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boaded Uoeka ; tbe tBe-waDa beiw eonaected fiom disuu 
^^pihff' TctticaSr bT" ctro^ tic-lifeda ; or, if the width* 
fia be eooBdoaUe, hj a D«-waIl akHtg ite centre Inie. 

568, 7W fpiiadlitkni. thf dimeasionB, and the Ibnn of tfie 
ahntBents of a biii^ wiU be Rgalaled apoa the eatoe prisciptea 
■e th« like parts or other ardied itiaetHree ; a jodJciDas cod- 
Ibrmity to me character of rtvevth demanded br the Btmctore, 
and to the reqimciiicnts of the localitj being obeerred. Tbe 
walk which at die ettremides cf the bridge Ibnn the ooa- 
tinnatioa of the heads, and sustain the emhaiuinentB i^ the ap- 

Eroaebce, — and which, from their widening on( &oni the geneni 
oe of the heads, to as to form a gradoal contiacdon of the 
arenae bj which the bridge iaiqtproadied, are termed dietntt^ 
1000*, — eerveaBfirmbottKiBatotbeabittueiits. InsomeeaMS 
the back of tLe hutment ia terminated by a cyliDdrical arch, 
(Fig. 116,) placed on end, or baring its ri^-iine elements vei^ 
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tical, whicii connects the two wiug-walU. In others (Fig. 117) 



a rccrangiilar-eliaped battreffl is bnilt bsct from the centra Uiw 
ot* the abutment, and is coonecteO with tbe wins-walU either by 
lioTiznntal arclies, or by a v*nica3 cross tifr-wali. 

4fi&. Tilt: ■ft-iag-wall6 may be either ^Une surface walla (Fig. 
118) arrati^d tumakea given angle with the head^ofthebridgv, 
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*ir they may be curved Burfaoe-walls presenting their coiffiBTH^^ 
Cf'g. 126,) or their Mnreiity to the exterior ; or of any other 
^Jiapc, wherherpresentinga cmitiiiiious, or a broken surf ace, tbat 
the locality may demand. TlieirdimonsionB andfarmol'protile 
"^iil be regulated like tlioBe of any other eustaiiiiiig wall ; and 
"•hey receive a suitable finish at top to connect them with the 
triage, and make them conform to the outUito of thcieinbank- 
anents, or other approaches. 

570. The arches of bridgea demand great care in proportion- 
iog the dimensions of the vonasoira, and procuring accuracy In 
their fonne, as the strength of the etnicture, and the permanence 
of its figure, will chiefly depend upon the attention bcBtowcd on 
these points. Peculiar care Bliould he given in arranging tlie 
raasonry above tho picra which Ilea between the two adjaeent 
arches. In eome of Iiie more recent bridges, (Tig. 120,) this part 
iibniltnpsoHdbutashnrtdi&tance above the imposts, generally 
not higher than a fourth of the riae, and is finished with a revereed 
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the h«ad-WAU6 ^rill dopcnd npon the method adopted for support- 
ing tiie roaiiwaj. If tlils Ite by a filling of earth between the 
heAd-walld, then their thicknpBg iniiet bp calculated not only to 
resist the prcssHro of the earth -which ther siistaiii, hiit allowance 
iinistaUii t>e iiindL-lor tlie eftecte of tJio ehoets of floating bodiea 
in weakening the bond, and separating the hlocks from their iiior- 
tar-bed. The more approved metlimlBot' Bupporting the rondway, 
and which are now genemlly prnctised, except for very flat seg- 
meat arches, are to lay tiio road matcriaifi either upon broad flaf- 
ging Btones (Fig. 120, 121 J which rest upon thin brick walls bmlt 
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parallel to the hedd-walls, and supported by the piers and flrches; 
or by Bmall arches, (Fig. 1'2'i,) lor which tlieee walls servo as 
piere ; or by a eysteni of Bmnll groined arelu'& Buppni-tccl by 
yillara reeling tipon the piers and main arehee. Wlifu either 
of theiae methocfs is used, the head-walla may receive a mean 
thickness of one fifth of their height abnve the fiolid spandreL 

572. Superstructure. The superstructure of a bridge eoneiats 
cf a cornice, the roadway and footpaths, A-c, and a parapet. 

The object of the cornice is to shelter the face of the head- 
walls from rain. To RiibeervG this purj.fhse, its pmjeetion beyond 
tlie surface to be sheltered should be the greater ae the altitude 
of the sheltered part is the more considerable. This rule will 
i^rcquirc a cortiice with mipporting blocks, (Fig. 123,) termed 
fi/lu/n^t belnw it, whenever the projecting part would be 
letually, or might poem insecure from ite weight. Tho height 
' the cornice, mcludiiig its supports, fihoiild genem!ly he eijual 
llo itB projections ; thta will often require more or less of detail 
fin the profile of the cornice, in order that it may not appear 
heavy. The top surface of the eomico should be a Utile above 
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573. The parapel; giirmounts the cornice, and shoold be highj 
enough to Eecure veliiclos and Ibot-paesL-n^rs from accidenta,; 
■without however intcrc(e]itiiig the ticw from the bridge. The-* 
parapet Is usually a plain low wall of cut stone, Biinnounted by 
a coping aliglitlj rounded un its top suiface. In bridges which 
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luve I character of ltglitiie»tt, like those witli flat aegmeot arches, 
the parapet maj conswt of alternate panels fit' plain wall and 
1wlii:miiae8, provided this arraugeiiieiil he otherwise iu keopiug 
"Brith the locality. The exterior lace n{ tho parapet shoiild not 
Vnijftt heyond that of the Leads. TUo hloeka of wliich it is 
luruii^, and particularly thoee •'(' ihe coping, should be fimiljr 
I wcoreU with copper or in>u crampu. 

' 574. The width of the roadwuy and of the footpatlis will be 
-_ i':i[edbjlbe locality-; being greatest where tlie tlioroiighliirpB 
-■-L.:.Lcled by the bridge are most frequcotcd. Tlicy ar« made 
eitierfif broten, or of paving stone. Tiiey shoidd be bo arrau^^ 
tfcit lie Burface-water from rain shall run quickly into the aide 
tbnnelsleftto receive it, and be conducted trom thence by pipea 
wiiicii Wad to vertical conduits (Fig, 191) in the piere that nave 
t&eir ftadelB in one of the face* of the piers, and below the 
lunfest water-level. 

575. Strong an J durable Btone, dressed with the chisel, or 
lummer, ehould alone be used for tlie iiiasonrj' of bridges where 
lb BptD of the arch exceeds tifiy ftet. llio interior of the 
I I>ierB, Rod the backing of the abutments and head-walls way, for 
*Maomy,beofgood rubble, provided great attention be beatawed 
' l^lhe bood and workraanahlp. F«ir medium and email epana 
• mixed masonry of dreeeed stoae and rubble, or brick, may be 
iiKi ; and, in eome caseB, brick alone. In all tlieae co^oa (I' i|^. 
M, 124) the starlings, — the foundation conraes,^ — tlie impost 
•one, — ^tne ring courses, at least of the heads,— and ^m £ey- 
ttme, ehoald be of good dressed stone. Tlie remainder may he 
of ennreed rubble, or of the beet brk'k, for tlio facing, with good 
libble or brick for the fillings and backinga. In ami^icd matonry 
ot iLis character the courses of drussed stone may prfiJL*ct slight- 
iy beyond tlie sUrtacGs 6f the rest of tlie structure, llie archi- 
fwaral effect of this arrangement is in some degree pleasing, 
pwiculftrly when the joints are chamfered ; and the method is 
obriooely useful in structures of this kind, as protection ia at- 
f'irJed by it to the surfaeea which, from the nature of tlie mate- 
ria), or the character of the work, oft'er the least reaietance to the 
datnictive action of floating bodies. Hydraulic mortar should 
slooe be need in everyparl of the masonry of bridgea. 

S76. Approaches. The arrangement of the approaches will 
depead upon the nnraheranddirectionoftheavemieH loading lo 
the bridge, — the width of the avenues, and thelrpoaition above 
Iff below the natural surface of the ground,— and the locality. 
Tie principal pointa to bo kept in view in their arrangement are 
to procure an easy and safe access to the bridge for vehicles, and 
Hot to obstruct nnneeeesarily the channelB, for purposes of navi- 
gltioii, which may be ret^uisite under the extreme archea. 
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Fl^ IS^'-TEf^pfvebti AH «1pyit^r>n of a pleTi % poitipn of twc Ufi'heb ud tb9 ouiln of thi 1 

of wUcb Fig. isa b tbe »Htl>in. 
i,rmv[mMr)iiA. 

t', vuiuwiln vlth chunfsKd jel-eth 

Wlicn th(? aremie to the "brid^ is, by an *mbaiikm&nt, in thff 
eaiiie line aaitaaxis, autltlieruaJwuT andbriilgearc of tliesams 
width, tliehead-wallriuf the bridge (Fig. 125)Tii»y be ppolonKe^H 
sufficiently far to allow tho foot of tho embankment elope to tali^^ 
■witliin a few feet of the crest of tho slope of tho wateivcouree ; 
this portion of the embanlcmcnt B)opo being shaped into the for 
of a quarter of a cone^ and reveted with drj' stone or sods, to pr 
servR its enrfape froni the action of rain. 

When Bcveral avennes meet at a bridge, or where the widtl 
of the roadway of a direct avenne is greiiter than that of the 



mtikud pMMe-«Bj wfll. m mi 
t3«iiie arch, ibr IkonecsBd, if 
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« cBMa, M rnqvidte uider t&e 
bcUBd the riwttwCBt nr the ex- 



form «f the amji viQ adnnl irf* it, as ia flat segmenl srcbes, i 
w omdw »jf pmectine bejoid Uie &ce of tlie abntBwnt, ibbt be 
Ba4a KBiMr ae am fcrtfca aane pvpoae. 

577. mArwM^ T» nevre tbe aatmal liaxikB near the 

bridge, and the foai>d.ifioM<iftiheabatmeniBfipom the acn'opftf 
tlwc«rmit,afiuuwof drj'il«K,<rof BuaDmy, should WluJ 
BpoQ die dope of toe Innnii wliiai dtoald be propeiij prepired 
to receive it, and tite foot of tKe ^rang moBt be eecored bj^B 
tnaiB of looee etooe btocka niiiiail orer the bed aroiimd it, in id- 
ditioa to wLJcb n llae </8qaai»4oiated uleemarbepreviotBlT 
driven AloDg tbe foot. Wbcn me laoe of the abutment projcce 
bejond the natural banlK, as embankment faced witli stnne 
(dionld be fonned eoflneetuie the &ce with ptuDt^ on the Daniral 
baaks above and below tae bridee. By thJB arrsngtmenl, | 
tanned the ^Bater-mitgg, the nattirju water-wav will be giBdn- 
aily CMitracted to coafotrn to that left br the btidg«. ^^ 

578. KilaryemaU cf Watar^ffoy. In the ^ill centre andoil^l 
ardieit wben the epringing linu are placed low, tbe epandiw^ 
pnaent a comiderable eorface and obatnictioD to the CDRc&t 
dnring the higlier stagCB of the water. Tbis not only endangen 
the eal'etv of tie bridge, by the acciuuulatioo of dritVwood and 
ice which it occaeions, bot, doriDg these epocli£. gives a heavy 
appearance to the stractiirc. To remedy these defects the eoli'd 
angle, formed by the head« and the soffit of the arch, may be 
tnmcated, the base of tbe caneiform-shaped tua^ toke-n away 
being near the springing lines of the arch, and its apes near the 
crown. Tbe form of the detached mass may be varioit&Iy 
ranged. In the bridge of Neailly,whichiBoncof Ihotirst wh _ 
this i^xpedient was resorted to, the Borface, marked F, (Figs, 113, 
114,) left by detaching the mass in qaeetton, ig warped, Qud lica 
between two place curves, the one an arc of a circle n o, traced 
on the head of the bridge, the other an oval m o o p, traced on 
the Boffit of the arch. This aiTords a fiumel-Bhaped water-way 
to each arch, and, during high water, givea a liglil appearance 
to the etmcture, as the vonsaoire of the head ring-tourae Iiave 
then the appearance of belonging to a flat ee^-aiental arch. 

57ft. Cf^nf/res. The framing of centreB, flna the arrangement 
for striking them, baring been already fully explained under the 
article Framing, with illufitrations token from eome of t)ie meet 
celebrated recent fitractures, nothing further need he here added 
than to point out the neceesity of great care both in the coin" " 
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of the frame, and in its mechanical execution, in order 
event any ehanse in flte fonn of the arch while under con- 
ictinn. Tlie Englisli enginecra have gciicrallj been more 
in!c*-*s!*iul in this respect than the French, The laiicr, in several 
"f>f thc-ir finest hridgea, need a (brin nf centre compoeed of sctc- 
ral potvironal frames, with sliort (tides, so inscribed iritliiii (.-aeh 
ther l5iat the ansles of tlic oiio eorre&ponded to the niiddle of 
(Qie Bides of the other. Tlie sides of each frame were united by 
joints, and tht; aeries of frames Bccnred in their respectiv*) po&i- 
btms hj radial pieces, in pairs, notched upon and bolted to the 
ames, which tJiey clamped between them, A combination of 
is cliaracter can preserve its form only under an equable 
pressure dietributed over the back of tue exterior polygon. 
Wlien applied to the ordinary circumstances attending tliocon- 
8txnclion of an arch, it ia found to nndergo successive clinnges 
of shape, as tlie Toneeoirs are laid on it ; rising tirst at the ciomti, 
then yielding at the same point when the key-etone and the ad- 
jacent vonesoira are laid on. Tlie EngtJsh engineers havegeo- 
erftlly selected those combinations in which, the presaiireab'eing 
transmitted directly to fixed points of support, no change of 
form can take place in the centre but what arises from tho 
contraction or elongation of the parts of the frame. 

580. Gen-&ral lit-jjuit-kn. The arebiteetnre of etonc bridges has, 
mthin a eouiewhat recent period, been carried to a ver>- high de- 
gree of perfection, both in design and in mechanical execution. 
France, in this reepGct,baa given an example tothcworId,andha8 
foaad worthy rivals in the rest of Europe, and particnlarly in 
Great Britain. Her territory is dotted over with innumerable 
fine tnoniimente of this character, which attest her solicitude as 
welt for the public welfare as for the advancement of the in- 
diMtrial and libera.1 arts. For lier progress in this branch of 
architecture. Franco is mainly indebted to her School and her 
Corps of PonU €t Chmmies: institutions wliich, from lie time 
of her celebrated engineer Ferronet. have supplied her with a 
long line of names, alike eminent in the sciences andarts which 
pARftih to the profession of tJie engineer. 

England, alllioughonsomc points of mechanical skill pertain- 
ing to tlie engincer'a art the Eupenor of Pranco. liolda theaecond 
rank to her in the science of hererginecrs. Without establish- 
leuts for prot'eEsional training corresponding to those of France, 
le Englisli cuKiueers, as a body, have, until within a few years^ 
ibored under the disadvantage of having none of those instito- 
iona which, by creating a common bond of union, serve not only 
'"to diffuse science throughont the whole body, bnt to raise merit 
to its proper level, and Irown down alike, through an enlightened 
esprii de corpe, the assumptions of ignorant pretension, and th& 
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malevolc'Dce of pettv jealonsiea. AltLnugh, as s body, lese ad- 
Tantasccmslj" placed, in theee respects, than tbeJriiM>retli<*mnjjii- 
t>re<l brethriiii of France, the eugineere of En^I&cid can foia^ 
with a jast feeling nf prido, not only to themoumneDtsof ih ' 
skill, but to individual names among them which, acim 
under the peeiiiiar obstacles ever attendant U[JOiiE(>lC«diic 
TetgtAnd in thcHretrankof tlioscby whoeegeQiufi theisdu 
arte hare been advanced aud ennobled. 

The other European States Lave aleo contribute Ifl^^■l7t^^ 
bridge architecture, allhontli their cfl'orts in this line are W 
widely known through their pnbticationB than thoec of France 
and England. Amongthe many hridces belonging toltaly. maj" 
be justly cited the iur-l'amed7^jaZ/rt,' the bridge otSaiUa Triniia 
at "Florence, the carve of wlioee intrados was eo long a nifttbe- 
maticat puzzle; and the recent single arch over the DuraJitjMim 
near l^uhn- 

In tlie United States, the presstngimmediate wants of ayittiiic 
people, who are etill without rhat accunmlatedcapitalby wiiie" 
alone irreat and lasting public monuments can be raised, havejife- 
venteamucli being dono,in bridge bnilding. except of B.tempi,>rBn 
cltaracter. The bridges, viaducts, and aqneductsi of etobe iii our 
country, almost without an exception^ have been built of rustic 
work through economical coneideratione. The selection of ti" 
k:indofmaao»ry.indepeudentlyofitBcheapne6S,ha6themeritofi 
propriateneeB,, when taken iucunnectionwithlhe natnralfeat 
of tlie localities whcremoetof the eestnicturee are placed. Are 
the works of this class, may be cited the railroad bridge, called the 
T/H»/fis Fiitw^urf, over the Patapsco, on the line of tlie Baltimore 
ajidWaahingtonraitroadjdeHignedaiidbuiltbyMr.B. H.Lalrobe, 
the engineer of the road. This is one of tJie tew exie^tinc bridw 
Btructiirea with a curved axia. Hie engineer has verj- happily 
met the double difficulty before him, of being obliged to adopt a 
curved axie, and of tliewaat of workmen sufficiently cOnvereeiit 
with tho application of working drawings of a rather compli- 
cated character, by placing full centre cylindrical arches upon 
■giers with a trapezoidal horizontal section. This, structure, with 
me exception of Bome minor details inratherqiiesttonabWtiiete, 
oa til ofiliglit iron {uirapet railiug,for esample,prcBentfi an impo- 
sing aspect, and does great credit to tlieintelhgencenndekillof 
tho engineer, atthetimeof its construction, but recently launched 
ina now career. Tlie iiue single areh, l:nown as the Carrofton 
Fid<'iuo(,ontlicBaltinioreaii'l (^hio railroad, ieaifio highly credit- 
able tothescienco and skill of the engineer and mechanics under 
whonn it wae raisd. One of tJie largest bridges in the United 
States, deeigned and partly executed in stone, ie the Potomac 
Aq^ueduot at Georgetown, where theCtesapeakeaodOhioentiHl 



met. Tliia msk. lo wtudi • wooduk 
beea made, was boUi ooder tbc supennteod- 
itf CmMhb TmbvU oCtbc U.S. Topographinl Eugueen. 
In the pvUblud auniiw o£ tbe progress of this ntnk, « Toy fiiP 
■eanat b |^v«b of aU lh« t^xntioas, in whidb, while lli< re- 
wf C M and ik^ of the cngiDecr, in a retj difficuh uid. lo turn, 
uHried i^fiolioa ^hp ut, Aie left to be gathered by the reader 
frvn ifac ii:cturfal^Bnun*ri«!iii of the uodcnakitig, his fulurei 
ne Makd wilh a csodor «ltke crecliuble lo the mui, »ad wgrthy 
oC "■f*«*t1" bjr etery engioecz who pnzes the adf )ux:CiU«nt of hid 
■It tbare diU |)a-9oaal reputation which a less truthful course 
may place m prospeci Wfore him. 

681. The ioiioMtmz table conlains a summaij of the prinapal 
detulfl of sane of the more noted stone bridges of Europe. 
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(A.) Thi» fine structure, designed and built by the ctlebrated 
PcTTOnel, forms an epoch in bridge architecture, from the bold- 
Bue of its design, its skilful mcchaaicaJ excciilion, and the simple 
but appri^priaie character of its architectural detaiie. The curve 
of the intrados is an oval of eleven centres, the radius of tiic arc 
at ihc spring being S0.9 feoi, and iJiat of l)ie are at the crown 
169.1 feet. The engineer conceived the idea of giving to the 
■ofGi a funnel sliape, by widening it at the heads, from Uie crown 
to the ^ringing line. This he effected by connecting tliii suQit 
of each arch and tfie heads by a warped surface, which passed, 
on the one hand, through a Hal circular arc, described upon Uie 
beads through the poiins of the crown and the top of the two ad- 
JACetit slailitigs, and, on the other, through two curves an the 
eoffil, cut out by two vertical plajics, obhque lo tlic axis, paaaccj 
ihrougli tlie highest point of the curve on ilie heads, aikd tJirough 
points on the two r^speciive springing lines of the arch. The ob- 
ject of this arrangcnienL was twofold ; first, — as the springing Unea 
^were placed at the low-waler level, the bridge,, during the icaaonv 
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Uttftm^^i oooditioa* 

TW ifei^B^H Me 31 feet dkk M ^ ipn^gifig bes, and ibft 
■ss l«l llLfii feet ^ Ae h^ fM^ &'m. i* ***— 14* <^ judi- 

"fay pceceding en— 

_ opoo ^W 
E BolnaBd fcaBcs. Pfenonet was 
•we of Ac JBC— rrgMKBOf «C an caadhiMiiai, and in no part: 
c£ ifae m m uili fla df the TwJj^i than is rint «a* bo 

trmiir iif M oinlncn In'nim, mi Hvni^nclca iuucjciii 
aea, mat ptaier m a uiLf aa^ lUB ■ iliJj»i§ iboae 
cobIh not BBiB Does aabcipata^ Am tneui^Hf lalhei 
anioas in its cwr g f nra ii , waa caHHOed in widming ihe] 
lal «rater-«aj ci Ae nvn ^kxc ifce bad^ wm etected; 
efiect of this has been a gndoal lirpnMlinn near the bridge, 
an nbsCmetioa of the nangalile rttawniMt 

The bridge of NentllT a a noble mcoumeDi of Hie gemua and 

fraetical skUl of iu engineer. The sljle of its archilecture. both 

aa a whole and in its anvnl parts, it JB^oatfig and io the best 

taste. ^m 

(B) This bridge was boih after the deaigBs of PemxkeL S»^| 

dticed bjr a thorough knowledge of the cajmbiliiies of his ait* tho 

engineer was led, in pbimuig thb ctnicinre, into the error of 

pwcnSciag apparent strength, for the jnmKwe of pioducing great 

Dildoeis and lightness of design. This he effected by placiiig 

tteiy 6at tegmeu archer upon piers formed of lour coIhibds ; ilw 

litwo, foimiiig the starlings, being united to the two adjacent bj a 

J coruieciing wall, an interval being left between the two centre 

[columns. The diameters of the colunma are 9.6 feet^ nith 

r«aine interval bctweea iticm. 

Ttie cn^iccT who constructed tlic bndgc, apprehenuTe a|>|M»f-i 
rently for iL» eafciy, introduced into llie courses of the piers and' 
of the arches a large quanliiy of iron ties and cramping pieces, a 
Bieasurc of orecaution which, if necessary, ought to nave coi^ 
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aned the original deeigas, although supporled by the high 
«tuhorily ol Perronel, ajid caused olriers to be subsliluied ioi 

[(C) This bridge, now designated as the Ponf de PEcole Mili 
fire, from its locality, and the bridge of Rouen, are buill upon 
tarly the same desigag. The former ja a model of architcctunii 
tasle and of skilful "l^kmaiisKip. lie honKontal archilcclura I 
lines, Its fine comfcp. copied ijam ihw of the temple of ^At-s the 
Avenger^ and the sculptured wreath on its spandrels, form a 
whole of aiiiguiar beauty. 

(D) This bridge, designated when firirt built an the Strand 
Bridge, h worthy of t!ie grfat metropolis in which it is placed. 
Tlie engineer, iniluenced perhaps by other exaniplcB of the same 
character in the vicinity of thia Btruclure, has placed small col- 
umn? upon tlie starlings, which support rcccs:ses with aeats for 
foot-passengers, and has thus, in no inconsiderable degree, de- 
prived the bridge of iliat imjwsing characier which its massive' 
nes?, and the excellent material of which il is built, cotild not 

ricrwisc iiavc failed to produce. 
(E) This line elliptical ajch is, in spme leapecte, built in imi- 
taliun of tiie Neuilly bridge, wilh a funncl-shnped soffit. Its gen- 
eral archil ectiiral effect is heavy, and its mere ornamenlal parts 
are in questionable tasle. The details of it^ construclion are 
(e inonunienis of the eminent professional skill, and of the 
l)fulne$s of character of the great engineer who planned and 
;rintended it. In his narrative of tlie work, Mr. 'I clford lakes 
blame to himself for oversights and unanticipated resuUs, in which 
the scrupulous care that he conscientiously brought to every un- 
dertaking committed to him is unwillingly thrown into bolder 
'ief, by the very confession of hia failures i and a lesson of iii- 
uclion is conTcyed, more pregnant with imponani consequences 
' the advanccmetil of his profession ihan tnc recording of htui- 

Is of successfitl instances only could have furnished. 
(F) This noble work of Sir John Rennie must ever rank amonc 
Bler-pieces of bridge architeclurc, in every point by whicli 

»ss of structures should be diatinguished. Tor boldness, 

■trength, simplicity, inassivcnesg without heavincsB, and a happy 
adaptation ot design to the locality, it stands unrivalled. Tlie 
beaulv wliich is generally recognised in a level bridge has, in 
this, been judiciously sacriticed to a well-judged economy; and 
die aitilicial approaches have thus been accommodated to Uic 
existing, by decreasing the diracn-sions of the arches frotll the 
centre to the two extremities. The square plain butireaaes, 
which rise above the slarHngs and support the reccssea for scats, 
■re of farther obvious utility in strengthening the head-wttlis, 
«hicli, at these putnt« are of considerable height ; and Uiey alar 
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pnxhce, in lliis case, a nol Dnptoasing archite* lural effect, i*'' 
[■separating the unequal arclies, wilhoul impairing the unity of ihff 
general design. 

(G) This ia the boldest singVe airh ">f «lcme now standing, tnA 

n a splendid example of archilectural design and skilfuf workman- 

Bhip. The soffil oi ihe arcli is made slightty funnel-shaped, which 

gives the bridge an air of almost too great boldoeas. The comicet 

[which is copied from llie same model as that of the bridge of 

ticna; the convex cylindrical-shaped wicg-waUs, which gire ajl 

approach of 144 feel between the parapets ; with the other archi> 

tectural acce9s0ri.es, have made this bndge a model of good tasie 

for imitation under like circumstances. From the omission uf a 

'UBua! arclitlectund member, there is perhaps a slight feehng of 

loakedncas produced on tlic mind of the rigid conni^Mseur in art. 

Ion first seeing this structure, and its beauty is in some degrce- 

I marred by lliis want. 

The ahutmcnls of this bridge arc 40 feel thick al [he founds' 
'tiona, and, besides the wing-walls, are strenglhened by two coun- 
terforts 20 feet long and 10 feet wide. 

(H) The span of this arch is the widest on record. Fo! 
archilectural ciTeet this bridge presents but little to the eye tha' 
. is commendable ; for this the engireer who superintended it 11 
hardly responsible, except so far as, from professional sympathy 
inri respect for a deceased member of ihc profeBsion, he was 1^ 
I fe) adopt the designs of another. Tlie abutments form a continua- 
tion ofthe urch ; and the other details of the construction thrwigb- 
_out exliibit thai thorough acquaintance with their art for whicb 
ihe Hartleys, falher and snn, are well known to the profession. 

582. Tiie practice of bnaee building is now generally ihe same 
throughout llie civilized worid. In France, the method of laying 
?he foundations by caissons has. in most of lh«r later Works, been 
preferred by her engniccrs to that of coiTcr-dams ; and in the su- 
perstructure of their bridges the French engineers have gencraUjT 
filled in, between ihc arches and the roadway, with solid material. 
In some of tlieae bridges, as in that o( Bordeaux, where appre- 
hension was felt for the stability of the piling, a mixed maaoniy 
of stone and brick was used, and the roadway was supported by 
.a system of light-groined archer of brick. Among trie recent 
. French bridges, presenting some interesting features in their con- 
^Struction, may be cited that of Souillac over the Dordogne. The 
itiv&r at lliis place having a torrent-like character, and the bed 
ijfacing of lime-stone rock with a very uneven surface, and occa 
l-sional deep fissures fdled witli sand and gravel, the obstacle tc 
Msing either the caisson, or the ordinary coffer-dam for Uie fouD- 
Tdations, was very great. The engineer, M. Vieat, so well known 
>y his researches upon mortar, Scc, devised, to obviate these 
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JifficulcieE, Uie plan of enclosing the area of each pier by a cnffer- 
W(»rk af^ctirateh fiued to the surface of the bed, and of filling tlu« 
wiih bclon to form a bed for ihc foundation courses. This he 
efiiee(e<J, by tirsl forming a frame-work of heavy limber, so ar- 
raogcd ihat lliitk eheeuiig-pjies could be driven close to the hol- 
Lout, between its horizoiilal jiieces, and form awell-joinied t-pssoI 
to contain the somi-iluid malcria.! for tli« hcd. After thi9 coffer- 
work wnsplact'iJ. liie loose sand and grave! was scooped from 
the bottom, iho asperities of the surface levelled, and die Hssurea 
were voided, and refilled with fragmenis of a soft atone, which il 
was found could be more compactly settled, by riuiimiiig. in the 
fissures, than a looser and rounder niatt-Tial Ukc grav^h On thi& 
rvepajred surface, the bed of bt'loii, which was from 12 to 15 feet 
in thickness, was gradually raised, by successive layers, to with- 
in a few feet of the low-water level, and the stone supers tructuro 
iJieu laid upon il, by using an ordinary coflier-ilam that rested on 
the frame-work around Uie bed. In tins bridge, as in thai of 
Bordesui, a prosisiomtl trial -weight, grcalt;r than the pennaneiit 
load, W4a laia upon Uic bed, before commencing ihe superatruc- 
ture. 

To give grealersecurilv to their foundations, the French usually 
surround Ihein wilii a luasa of loose slunc blouh» llirown iii luid 
■ilowe<i lo find ihejr own bed. Whciu piles are used and ]>ro- 
iect sonw hiJight above the bottom, lliey, in some ca&C!<i uac, lic- 
Eidcs ih-c loose alone, a grating of heavy timber, whK"ii lies between 
utd etieloseri llie piling, to give il greater stiffness and prcvtrU 
sutward spreading. In streams of a torrent character, where the 
bed is liable to be worn away, or shifted, an arliliciaJ covering, 
«r apion of slone laid in morlar, ha.-;, in aoiue ca»cs, bct.-ii (i»ea, 
botli under the arches and above and below the bridge, as far na 
the bed seemed to require this proinctiuii. At ihe bridge of Bur- 
.deaux loose stone was spread over llie nvtr-bcd belwren llic 
■|)iers, and it lias been found lo answer perlWlly the object uf ilie 
Engineer, the lilocks having, in a few yeura, become iinuk'dmtoa 
firm mass by the clayey sediment of the river deposited in Uieir 
iatersiiccs. At the eli^gaiU aasl-iron bri'ige, built over the Loiy 
near Hlymoulh, resort was !iad to a similar plan for sertiring the 
bed, which is of Bbifling sand. The engineer, Mr. Kendo], here 
Iftid, III tho hrsl place, a bed of compact tiny upnu the siind bed 
between the piers, add imbedded in it loose alone. Tins iiietliod, 
which for its economy is Worthy of note^ has fully answered th4 
expccialions of the engineer. 

rile Knglisb engineers have greatly improved the inedi(«l of 
conti'ng, and, in iTieir boldest archca, any setlliinj appruuchiiig 
that which tlie French engineers usually counted upon, on sinking 
thfir centres, would now b<; regarded a^ an evidence of ^reat dfi 
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mAtt upon Inl noDes, trtdag oa b^l w^U Inuh parallel lo die 
bead*, or else ut>wlighlr^udi»lazcfa<* bid cpoapien having 
the tatoe directioii. In ihe piepantiaa lor taTtiie the beds of tketr 
liRUidstujns, ihey haue genenhj pvefeired the eoffn-dam la issj 
other plaSf ahboo^ to auoy lociidiea ifae most dpcaan, on 
lecoom of ihe gfcaln EKili^aiid lecantjr offend bjr dfor cacy- 
ing on ibe woifc. Hiej b&ve not, ostil recenUj, nude as exieo- 
atre an ^ndicalion of betoo av ibe Ficndi for bydraslic parptaa, 
and, trom nann^ moatlj usee wfaal u koown as coocreie ajnoog 
ibeu archiieciA, liA>e met with some signal balures in its emfJo^ 
maa for these puiposes. 
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983. A wooden. bnd!ge consists of three eesenbal parts : I st^ 

ibe abuuiieiils and piers which farm the poinia of support fai~ 
tbe bridge frame ; Sa, the bhdge frame which supports the su— 
pentrucliirc between the piers and abutraent; 3d, the super— 
structure, consisting of ijie roadway, parapets, tooling. &.C. ^^ 

&B4. The abutnicnts and piers ni»y be either of stone, or of ^1 
[timber. Stone supports arc preferable to those of timber, botia 
on account of the superior durability of stone, and of its offeiing 
more security tlian fmniica of timber against the ac-cidents to 
whirh the piers of bridges are liable from freshets, ice, &c. ^M 

S&5, The fonns, dimensions, ajid construction of stone abut-^| 
ments and piers for wooden bridges will depend, like lliose for 
•tone bridges, upon local circumstances, arid tiie kind of bndge- 
fiajDe adopted. If the bridge-frame is so arranged tliat no lalcral 
thrust is received from it by the piers, the dimensions of the latter ^_ 
should be regulated to siipporl the weight of tlic bndge-feame H 
and its superstructure, and to resist any action arising from acci- 
dental causes, as fresliets, ice, &.c. The forms and dimeo- 
■ions of the abutments, under tlie like circumstances, will bo 
'raaiuly regulated by the pressure upon them £rom the cmbank- 
menld oftlic approaches, ^| 

586. If the bridge-frame is of a form that eierla a lateral ^B 
[ pressure, the dimensions of the abutments and piers must be suil- 
rftbly fidaptcd to resist tliia action, and secure the supports from 
rbcing overturned. Abutment-piers may be used with advantage 
Lin this case, as offering inure security lo the structure than sim- 
pli: jHrrs, when a frame between any two supports may require 
i-to be taken out for repairs. The sla'rlings should in all cases be 
'cnmerl above the line of llie highest water-level, and the porlior. 
i of the pier above this line, which supports the roadway beaiera 
may be buill with plane faces Atid cads. 
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5S7. Wooden abutm^ nls may be formed by constructing what 
18 tcnned a cnb-witrk. which conaisis of large pieces of squitre 
timber laid horizontally upon each ullicr, to lomi the u]>ric;lit, ui 
sloping faces of the abutment. Tliese picses are halved into each 
other at the -angles, and are oibenvisc fimily connecied logeiliei 
by diagonal ties and iron bolts. TIic space enclosed by the crib- 
work, which 18 uaually built up in the manner just described, only 
on three sides, is filled with earth carefully rammed, or with dry 
»l«iie, as circumstances may soem to rei}uiie. 

A wooden abuiraent of a more cconomctd construciion may 
be made, by panly imbedding large beams of limbci placed in a 
Tertica! or an indiiicd position, at intervals of a few feet from 
each other, and fontiing a facing of lliick plank to sustain the 
cartii behind llie abmmenl. Wooden piers mav also be mad<; 
according i& cjlhcr of tlit methods licre laid down, and be tilled 
with loose atone, to give lliem sufficient Btaliiltily to resist tlic 
forces lo which they may be eiposed ; but the raeilioJ is clumsy, 
and inferior, under everj- point of view, lo slunc piers, or 1(» the 
methods which are about to be explained. 

55&. The simplest anangement of a wooden pier consists 
(Fig. 127) in driving heavy square or round piles in ii single 
■ow, placing them fro^m two to four feel apart. Tlicfto upriglil 

B 














— '-- 


1 


m 


gW 


m 


^ 


^=, 




m 




m 


! 
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Eicccs are sawed off level, and c^nnecled at !op by a honionliJ 
cam, termed a cap. whkK is eillicr mortised to receive- a tenon 
Riade-m each upright, or el'ae is fastened lo llie upriglils liy Iwlls 
or pins. Oilier pieces, wliicli are notched and bolted jn pairs on 
ihe sides of the uprights, are plated in aii inclined, or diayanal 
position, Co brace tlic whoic &ysl^m (iiciily. Tlie several uprights 
of ihe pier aie placed in the djrcciion of tbc tlircjid uf tiie currenl. 
If liiouffht Qecessary, two horizonlal beams, arranged like llie 
diagonal pieces, may be added to the BVstcm just below the lowest 
water-level. In a pier of this kind, iJie place uf ihe starlings is 
supplied by two inclined beamtt on ihe same liliC with Uie ui>- 
riglns, which arc icTinei] fender-beams. 

5S9. A ittroiig objection to the system just described, arise* 
from llic dilFiciilty of rcplacnig the iiprii-lits when in a staW 
of decay. To remedy this defect, it has been proposed to dnv« 
hrgc piles iti the positions to be occupied by the upriglils, (Fig. 
13S,) to connect ihese piles below the low-water level by four 
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a< Ihr' IduiiiJbUdu \nltt, iFith the upn^htt. 
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A, cH|>i>ingof ruLu tifUDU balled lo^ellicr. 
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horizimtal beaniB, firmly fastened to tlie heads of tlie pil 
wliich arf? Sa\vi.;d t>ir at a proper height to rCCcivc the horizontal 
betmis. Tlic two lop boaTii3 liave lar^e 8(|tiare morlisos lo re- ^ 
coivc the ends of i:!ig uprighls, nliich rest O'n those of tlic piles, fl 
The rcsl of ihe system may be cnnatructed as in ihc former case* ^ 
By this arrangement the uprighls, wlieit decayed, can be readily 



replaced, nml ihey rest on a solid substructure not subject to de- ^ 
iipnglils are driven inlo the bed of llio stream. 



cay ; ahurler limber also can be used for the piers llian when the ' 



590. In deep ivuler, and espci-ially in a rapid ciirreiit, a single 
row o( piles might prove insuificietiL Uf give stidiilily to the up- 
rights ; and i,t lias liicrefore boen proposed to give a sufficient 
•preud to ihc substructure lo adinil of bracing the iiprighls by struts i 
on the two aides. To effect lliis, ihrce piles (Fig. 129) should 
be driven for each upright; one jupt under ila posHion, ami tho 
other two on each side uf this, on a tine perpendicular to that of 
tlie pier. The Jjslance betweci) the three piles will depcjid oa 
he inclinaliou and length that k may be decnied neceenxytO' 
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giT© tTit struts, 'riie heads of the three pilea are sawed off level 
uti coTi ecled by two horizofltal clajnping pieces below llie low 
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Fix. iss— DcT^tian vt llie Mtnafement vt & vtJt 
loundulLuB tut a wooden iiici. 

a, upriplaf. 

b, b, i>il>-8 nf Ihr fuuniJatiDti. 

c, c. citri'iii'' "' ''"^ piles. 

d, d, F>tnilii to etriMiglJji'D Uie uiiristiCi. 

;, e, dsniiiiac pmotB bnJlocl in paita on tlie Up- 

righu. 



I waier. A square mortise is left in these Iwo pieces, over Oie 
Biddle pile, to receive the uprights. The uprights are fastened 
igeliier at the bottom by iwo clamping pieces, which real on 
lose tlial clamp the heads of the piles, and arc rendered firmer 
y the two struts. 

&91. In localities where piles cannot be driven, the uprights 
f the piers may be secured to the bottom by means of a grating, 
rranged in a suitable manner to receive the ends of the uprights. 
'he bed, on which the grating is to rest, having beer suitably 
irepared, it is floated to its position, and sunk citlicr before or 
Iter the uprights arc fastened to it, as amy be found most con- 
renienl. The grating is retained in its plnce by loose stone, 
.a a farllier security for the piers, the uprights may be covered 
ly a sheathing of boards, and the spaces between the slicathing 

hlled m with gravel. Wooden piers may also be constructed, 

necessary, of two paraSlel rows of uprights placed a few feet 
qpart, and connected by cross and diagotiai ties and braces. 

592. As woodeji piers are not of a suitable form to rcisist heavy 
tocki, ice-breakers should be placed in Uie stream, opposite to 

:h pier, and at some distance from it. In streams wiln a gen- 



FIjt. laa—Elovation Maud plan N of ■■JmplBlo*- 

a, a. noDudntion piln. 

b, b, cbjipiiiK dl'fiift*. 
r, c, uiaigtiis. 

4, inclJoM hQiEei- twain ohod wilh IraiL 
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Je current, a simple inclined beam (Fig. 130) covered with thick 
Iteet iron, a.nd supported by uprights and diagonal pieces, will 
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be all thai is Decessary for an ice-breaker. But in r^id cunenu 
a cr^wurk, hanng the form of a triangulai pyramid, (Fig. 131 >) 



= Fig. (Sl—Hnvalion M anJ plan N «(tt« 
^ nvnw of an >e«-li»akci lo tie filled K 
vrkUi UukcaaUiDS 



ihe up-alream edge of which is covered wilh iron, will be 
quired. In offer sufficient reaislancc lo sliocks. The crib-work 
may be Riled in, if it be deemed adrisablc, wiOi blocks of sloofi. 

593. The »idth of the bays iiv wooden bridges will depend on 
the local circumslances. As a genera! rule, the bays may he 
wider, and in bridge-frameB of curved timber die rise less, ihin 
in sloQC bridges. In arranging Uiia point, ihe engineer niiiist lake 
iulo consideration ihc fact that wooden bridges require more fre- 
quent repairs tJian Ibose of stone, arising froun t!ie decay of the 
material, and from the eSccls of shrinking and vibrations upoO 
ihc joints of Uie &Biiics, and thai llic difficulty of replacing de- 
CBTed |Hirl£, and Teadjusiing the frame-work, increases rapitfly 
wiih llie span. 

594. Bndge-frames mav Ik* divided into two general cli 
To Uic one belong all lliose conibi nations, whether of slraigli 
of curved limber, iIibi eseri a lateral pressure upon the abuimenla 
and piers, and in which liic supcretruclure is generally above the 
bridge-frame. To the oilier, lliosc combinaliona wliich eserl no 
lateral pressure upon llie poinu of aupporl, and in which iho road 
way. &.C. may be said lo be suspended from the bridge-frame. ■ 

595. Any of the combinations, whether of Kiraighl. or of curveJS 
limber, described under the head of Framing, may be used for 
bridgfs, according lo tlic width of bay selected. A preJcrence, _ 
witiiiii lale years, has hpen generally given by engineers to com-fl 
bmaticins of straij^ht timber over curved frames, from the greater 
limphciiy and laciliiy of their conslruction, as well as their 
gn«ter uconomy ; as curved frames require much more iroa 
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(he form of bolts, ties, <Scc.. than frames of straight limber, aiid 
wore coailj mechanical coiiirivances for puitiiig the parts together^ 
%nd aeltine ihc frame upon its supports. 

596. Tn€ number of ribs in tlie bridge-frame will depend on 
the geaera.1 slreiigtli required by tliti object of the structure, and 
upon ihe class of franic adopted. In the first class, m which llie 
roadway is usuully above llie frames, any reifuiisiie number of ribs 
may tic used, and they may be placed at equal intervals apart, 
or else be so placed a* lo give ihe besl swpporl to [be loads miirh 
piuis over llie bridge. In the second elotss, as the frame usually 
lies ciiltrely> or projects partly above the roadwaVi &c., if more 
than two ribs are required, tbey are ao arranged thai one or two, 
AS circumstances iiiaydemand. fomi each head of the bridge, and 
one or iwo more are placed midway between the heads, so as to 
leave a sufficient width of roadway between the centre and adjti- 
ceiil ribs. The fontpatlis are usually, in this case, cither placed 

I between tlie two centre ribs, op, when there are two eiierior ribs, 
between Ilieni. 
597, The maimer of constructing the ribs, and of connecting 
thcin by cross lies and diagonal braces, is the same for bridge 
frames as for otiier wooden slrnclurcs ; care being taken to ob- 
tain the strength and stiifnesa which are peculiai-ly requisite ia 
ft'ooden bridgca, to preserve ihcin frocn the causes of nestructi- 
bilily to whifh they are liable. In frames which exert a lateral 

P pressure agaitial ilic abiitmiints and picrs, the lowest points of 
llie fratnc-wtirk should be so placed as to be above the ordinary 
Ligh-wnler level ; and plates of some mclal should be inyerled al 
ihose points, both of die frame and d( the supports, where ihc 
efiecl ijf the pressure might cause injury lo the woody lilire. 
I^m SQb. The roadway Usually consists of a aiiiiple lloonng formed 
^Hof cross joists, lerined the roadway-bearers, or ^floor-girders, and 
^» flooring-boards, upon which a road-covering ciiJicr of wood, or 
I atone, is kid. A more common and belter arranKcincnt of the 
roadway, now in use, cojisisls in laying longitudinal joisu of 
sumller scaiitling upon tfic roadway-bearers, to support the 
flooring-boards. Thia method preserves more efTBCtually ihan 
the other Ihc roadway-bearers from moisture. Besides, in 
bridges which, from the position of the roadway, do not admit 
l^of vertical diagonal braces to stiffen tlie frame-work, the only 
^^meaiij, in most cases, of efiecting thia object is in placing lion- 
^Hzontal diagonal braces between each pair of roadway- bearers, 
^f fur like reasons, stone road-coverings for wooden bridgtia are 
generally rejected, and one of plunk used, which, for a liorse- 
track, siiould be of two tliickiicsses, so llial, in ease of repairs, 
tiising from ihe wear and tear of travel, the boards roating upon 
flouring'joisis may not require lo be removed. The footpatht 
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ooQust Rimpty of a slight flooring of sufficient widtli, wlocfa ^' 
QftUftlly detached from and raised a few inches above the roadway 
surface. 

399. Wlien the bridge-fTBme is beneath the roadway, a distina 

Carapet Will be requisite for the aafely of passengeis. This may 
e funned either of wood, of iroQ, ot of the two combined, h ik 
most gencntJIy made of Umber, and consists of a hand and Um 
rail coniieclea by upright poets and stifl'encd by diagonal brace* 
A wuoden paiapet, besides the aecurity it gives to passengen, 
Coay bb made to add boUi to the fftrengtli and stlflhees of the 
tmdge, by conelrucUng it of timber of a suitable size, awl cod- 
Heeling il" firmly with ibe eioerior nbs. 

GOO. In bridge frames in which the ribs are abore the roadway, 
3 timber sheathing of thin boards will be requisite on the side*, 
and a roof above, to protect the structure from the weather, Tte 
tie-beams of the roof-trusses mav serve also as ties for the' ribs 
at top, and may receive horizontal diagonal biaCCA 10 SliSen the 
Structure, like those of the roadway-bearers. The rafters, in the 
case in whieh there is no centre rib, and the bearing, or distance 
between Uie exterior riba, is so great that the roadway-bearers re- 
quire to be supported in the middle, may serve as points of sup- 
purl for suspension pieces of wood, or of jtoh, to which the middle 
point uf the roadway-bearers may be allached. 

GOl . Wben llie bridge-frame is beneath the roadway, the fioo^ 
ing, if sufhcient projection be given it beyond the head, will pro* 
tecl il from the weather, if the depth of tlie ribs be not verj' great. 
In the roTilrary case a side aheatiiing of boards tnay he ret^uisitc. 

eoy. The frame and other main timbers of a wooden bridge 
will Tiol require to be coaled witii paint, or any liJte compositio'a, 
to preserve Lliein from decay wiien they are roofed and boarded 
in to koL'p Lliem dry. Wlien this is not iJie case, the ordinaiy 
prCBPrvativcs against- almosphenc action may be used for them. 
Tlie ii[ider surface and joints of the planks of the roadway may 
be coated willi bitumtuous mastic when Used for a horse-track; 
in railroad bridges a metallic covering may he suitably used^ 
when ihe bridge is not traversed by horses. ' ^M 

603. Wooden bridges can produce but little other architectural 
effect than thai winch naUirally springs up in tlie mind of an 
educated spectator in regarding any judiciously-contrived stxuo 
lure. When the roadway and parapet are aoove tlie bridga- 
fiame, a very simple cornice may be formed by a proper coniot- fl 
nation nf llie roadway-limbers and flooring, which, witn the para- " 
pel, will present not only a pleasing appearance to the eye, but 
will be of obvious utdily in covering IJie parts beneath from the 
Weather. In covered liridgcs, the most that can be done will be 
to paint them with a uniform coat of some subdued tint. A 
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~bett, fpom their want of height as compared with their length, 
corered wooden bridges mual, for ihe most pari, be only unsightly, 
frbd also apparOnlly uisecurt. stuicturcs wh(;ii looked at iioin such 
a. point of view as to embrace ail the parts in the field of YJsLon , 
And any altemplr therefore, to disguise their true character, and la 
jgive ihciD by painting ihe appearance of houses, or of stO'nc an;lic5, 
'while it must fail to deceive even the most ignorant, will only be* 
tray the bad taste of the architect to the more enlightened jud^e. 
604. The art of erecting wooden bridges has been carried lo 
gTBal perfection in almost every part of itie world where timber 
bsa. at any period, been the principal building material at the 
disposal 01 the architect. The more modern wooden bridges of 
•Switzedaud and (iermany occupy in Europe the first rtuik, for 
boldness of design and scientific combination in their arrangement 
»nd eonsmiclion, These fine foreign structures have been even 
Jtuifassed in the United States, and our wooden bridges and llic 
skill of our engineers and carpenlers, as shown through them, 
hare become deaerrcdly celebrated throughout the scientific 
world. The more recent slmrtures of lliia class are peculiarly 
chantclerized for simplicity of arrangement, perfection in the me- 
chanical execution, and bCTdneas of design. If tlicv arc open lo 
ihe chaige of any fault, it is lo tliat of loo great boldness of de- 
sign, in spanning very wide baya with ribs vi open-built beams 
either unsupporled, or but iraperfecUy so, at inteniicd iate points, 

'by a.ny combination of struts and corbels, or straining beams:. 
The want of these additions is more or less apparent in the great 
tibratory niotion fell on some of tlie more recent railroad and 
other bridges, and in a consequent diipoaltion in tlic firamc to 
work loose at the joinis and sag. 

»t50i>. Th« following Table comains the principal dimcnBioni 
of aome of the most celebrated AEuerican and European wooden 
bridges. 
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Cotumbiii bridge, (H) . 
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IticliRiLinil bridge, (I) 
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8piingA«ld bridge, (K) . 
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jtbr wpftaamce^» iniiii'T 1 lif tli liniag **iiiin placed 
ead odai, *f;*~^ i1k ends of wfcid abot indiiied Btnits 
that rest a^aiqci the ^uses of ike abaOBfoaa. The nadway ivAS^i 
opoo ibe taut beams. ^| 

(C) Tbeae two bno^ea an a el e a ed fram amaoff a nninher 6t^^ 
ibe like daractar cooatracted ia vahoos partii of Gennany b][ 
Wiebeking. Tlie bD^»-£aae ia all cf ibera consiUd of : 
riba of citmdMiid-bBAbeiBwapoDwhiclilbe loadinj 
are laid. 1^* melbad of canttntclaog bridge-&aiiws coml 
greal Mtnngih and fbffiieaB. ft u mere eipemire than bames of ' V 
■bai^it timba', aa H requires a laiger amount of mm, and more 
complicated mechaiucd means (6r its constnictioti than tlie latter, 
and ibe Hbs, allhou^ ttiffer, are impaired in stiength by the 
operaiion of bending ihem. 

(D) This is a very remarkable •tiucture built over ifae ma 
Mcnimack nearNewbiuTpoTl. 'DtcribB consist of curred open- 

' built beams, each of which is cotiiposed of ihre« coocentxic solid- 
built beams, connected, at intcnals along the tib, by two radial 
pieces of hard wood which fit inio mortises made through the 
centre of e&ch solid beam, und by a long wedge of hatd wood in- 
serted, in the direction of the radius of cunrature, between each 
paij of radial pieces. Each of the solid-built beams of the lib is. 
formed of two thicknesses of M^anlling^ about 12 or 15 feet in] 
Icn^i, which aiiul end to end, breaking joints, and are connected , 
by key* of hard wood itiserledinlo mortises made through llictwo 
thickneiwes. By these arrange ineiiis the architect has sought 
to preserve both lije curved shape and the parallelism of Uie solid 



WOODBM BRIDGES. 



241 



^veen posts, between ihcin, — of Ji aijigle top beam, lermed the piaU 
ftftie side frame, which rests upon liie upnghu, wilh which il m 
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^connected by a mortise and tenon joint, — and of diagonal bracei 
and other smaller braces, termed check braces, placed between 
H tlie uprights. Tiie curved-builr beam, termed the arch-tiittl/ers, 
H is bolted upon the timbers of ihe open-buill beam. The bridge- 
V frsmii may consist of two or mcirc ribs, vvhicli are counecled and 
W Miffened by cross ties and diagonal braces. The roadway-fioor* 
ing (Fig. 135) is laid upon cross pieces, termed ihe^oorfi-fWerg, 
which may cither rest upon tlic cliords, or else be attached tit any 
intermediate point between lliem and the lop beam. The road- 
Way and footpaths may be placed in any position botwuen the 
several ribs. 

There is great similarity between the combination aci<>picd by 
Burr and those of the two bridge-frames just described. The 
IDaili difference consists m the application by Hurrof wb^t ha 
ternris the arch-ttmbera, to strengllien and stifft-n an ojie n-buill 
bean]. It may be remarked from ibe Figa, 134, 135, diat the 
^taming of Ui& open-built beam ia faulty, ta that tbo lop beam, or 
B|ilalc, is not only of less dimensions than the bottom beam, or 
fthord, but is weakenctJ by mortiscB, and morfover ftffords no 
other support to the queen posts, or uprights, which act as bub- 

» pension pieces for the chord, than that of the pin wliicli conline« 
Uie tenon in the mortise. Fiom the mnnner in which ihc aj^h* 
limbers are formtd and connected with thcpaxlB uflhe open^tililt 
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hexnt. lliey add but liiile if any more strength and taSatsm tfaa 
would be given by straight timbers reaching iroto the spriogii^ 
point of itie arch timbers to their crown ; and they ai« cenandv 
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I«8B ei£caciou9 in subserving their end than would be inclined 
atruts, occupying a like position at bottom, and abutting againsl a 
■training bcain, placed cither under the cenire pari of the chord, ^j 
where ihe locahty would permit it, or ujider the centre portion of ^M 
l]ie plalc. In localities where fine limber is less abundant than in ^* 
ihoae ill which the moat of Burr's bridges have been built, a ju- 
dicious regard to economy would undoubtedly have suggfisted a 
selection of forms for the secondary parts of the franic, wliich 
would have prevented these parls from being as much cu( to 
wasle as ilie Figs, show they must have been in ihc example ^j 
taken to ilJuslrate this system. ^H 

(I) This structure, conalnicted under the euperintendeticfr of ^H 
Moncurc RobinBon, Esq., is upon Town's plan. The width of 
tlie bays varies from 130 lo 153 feet. It consists of two ribs, ^m 
each 01 which i» formed of a double lattice, wilh two chords at ^M 
bottom and one at lop. The roadway, for rails, rests on the lop 
girders. The ribs arc braced by vertical diagonal braces, and by 
horizontal diagonal braces between each pair of the top and bot- 
tom girders. The piers are of rustic work ; they arc 40 feel 
above the low-water level, and 4 feet thick al top. The exam- 
ple here selected for ilhistralion (Fig. 136) is taken from another 
Bridge, of nearly the same width of bay, erected subsequently 
M the Richmond bridge, by the same engineer, in wluch the lop 
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(Kj Tliia bridge ia constructed on Howe's plan. It consist* 
(Fig. J*i7) of two ribs which are connected at top and botlom, in 
the u»uil maiioer, with cross lies anJ diugonal brnccs. The 
roadway flooring rests upon the cross girders «t boliom. The 
bridge is not roofed, as is ususlly the case, the riba being covered 
in on iht: dideB and at top by a sheathing of boards, and the 
flooring-boards by a melalbc covering- t 

The bridges constructed according lo Colonel Long's plan 
have been mosdy applied to medium spans. In the printed de- 
scription of the different iinprovemcnls of lliia syalem jiatcaUed 
by Colonel Long, he very judiciously iutrfxluces struts, which 
he terms arch braces, either below tlie lop or the bottom siring, 
as Uie locality tnay demand, for the purpose of |irevcnling sag- 
ging, whicli must neteasanly tatte place in time in all open-bum 
twama of considerable span, if not strengthened in this way- 
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CAST-IRON BBIDGES, 

606. Bridges of cast iron admil of ever greater hoMnem 
design ihan those of Limber, owing to the superiority, both m 
strength and durability, of the former over the Ulier tnaterial; 
anri ihey may therefore be resorted to under circumetiLDCfts TWy 
nearly ine same in which a wooden stniclore would be suitable. 

607. The abuimeiUs and piers of cast-iron bridges should bftj 
buiU of Btouc, as (he corrosive action of salt water, or eircB 
fresh water when impure, would iu time render iron supports 
this character insecure ; and timber, when exposed ti> tbc 
destructive agents, is still less durable than cast iron. 

The forms and dimensions of the stone abutments and piere 
are reguUted on tlie same principles as the like parts in wooden 
bridges with curved frames. The piers may be eitber built up 
high enough to receive the roadway- bearers, or eUe tliey may be 
tenninatea just above the springing plates of Uic brie 
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1 supports for casuiran standards upon which the roadway 
bearers may be laid. 

60S. The curved ribs of cast-iron bridge-framea have undei- 
goae various modificatioiiis and improTements. In the earliet 
bridges, tliey were formed of several concentric arcfl, or curved 
beams, placed at some disLance asunder, and united by radial 
nieces ; ihe spandrel;^ being filled either by contiguous riuga, dt 
oy vertical pieces of caal iron upon which the roadway bearers 
■were laid. 

la the next stage of progress towards improvement, the curved 
ribs were made less deep, and vrere each formed of several aeg- 
njenls, or panels casl separately in one piece, each panel con- 
sisting of lliree concentric arcs centiectcd by radial pieces, aiid 
having ilanches, with other suitable arrangements, for connecting 
them firmly by wrought-iron keys, screw-bolts, &c. ; the entire 
rib thus presenting the appearance of tliree concentric arcs con- 
nected bv radial pieces. The spandrels were filled eitlier with 
panels fomied Itke tliosc of the curved ribs, with iron rings, or 
witli a lozcnge-shaped reticulated combination. The ribs were 
connected by cast-iron plates and wrought-iron diagonal ties. 

In ibc more recent atrucluree, the ribs have been composed of 
Toussoir- shaped panels, each formed of a suhd thin plate with 
flanches arounci the edges ; oreJaeof a curved tubulur ribt formed 
like those of Polonceau, or of DeSafield, described under the head 
of Framing. The spandrel-filling is cither a reticulated combi- 
nation, or one of contiguous iron rings. The ribs are uaualty 
united by cast-iron tie-plates, and braced by diagonal ties of cast 
and wrought iron. 

609. The roadway-bearers and flooring may be formed either 
of ijrabcr, or of cast iron. Jii tlic more recent structures in Eng- 
3and, they have been made of the latter tijatcrial ; the roadway- 
bearers being cast of a suitable form for strength, and for their 
connection wrlh the ribs ; and the flooring-plaLCH being of cast 
iron. 

The roadway and footpaths, formed in the usual manner, leat 
upon the flooring-plaiea. 

The parapet consists, in most cases, of a light combination of 
cast or wrought iron, in keeping with the general style of the 
nructure. 

610. The English engineers have taken the lead in this branch 
of architecture, and, in iheir more recent structures, have carried 
it to a high degree of mechanical perfection aii<i archilectura' 
elegance. Amonn the more celebrated caat-iron bridgca in £ng 
land, lliat of CoaUwookdale belongs to the first epoch above men 
tiffned ; those of Staines and Sunderland to the second ; and tC 
the third, the bridge of Southwarh at London ; diat of Tewha 
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^^jtjin bridge erected in England. The! 
^fcrcle in shape, and is CDmpo&ed of^ 

606. Bridg' ' - ^^ «re connected at inierfais by shoitj 
deaigD ditt ', xfCtid of the radii of t1i« ciure. 
sCrengtb am' acfa coniiecta Wcarnioirth and SunderJ 
Uld they IT -J ippearaiice, bolli from its greal span,] 
nearly i1ip .tXt teel between the high watcT-lcTel 

607. T -■'i al the crown. Tlie entire rib pre-^ 
buih of -■ j.en-huill beam, composed of liiKdV 
fresh « ial pieces. The spandrcl-fiUing is 
llijs cli i.'^, of ]ncreaBing diameleis from the 
destn^ V^^^^4 '^'^> '^'^i'^'' ■'^^1 upon the back of tbaS 

T' ^^r'^S* ^ roadway-bearers. ^ 

ari ^f^ dceigned on the same plan as Wear- 

brn ^<t i" the slrenglh of its abumients, they 

hij le hoh3 >ntal thrust, which in bo fla.t ul 

le .-^o^e^ 
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(D^ The bridge of Auateriitz is constnicled on the aame prin 
'.lui'" as Uie (wo last, and produces a light and pleasing archiiec- 
lurai effect. Each curved rib ccinsisls of 21 Toussoir-shaped 
panels, about 4 feel in depth. The ftpandref-lil]ings present the 
Kppeiirance of a contiimaUon of the curved rib outwards, to forrn 
J support for the roadway-bearers. The pieis are ifirminaled al 
ihe apnnging Sines of the cun*ed ril>, and arc at lliia point 13 fee' 
(hick ; ihc roadway above tliern being supported by the riba con 
tinucd up lo its level. The roadway ia on a level, ihe roadway 
nearers and flooring being of timber. 

(E) In this structure the curved rib is formed of solid p>anel8 
The spandrel-fillings eonsisl of vertical shafts united by cross 
pieces. The piers are buih up to support tlie roadway-bearers ; 
they are 13 feet thick at ihc springing hnc. The enlire width 
of ihe bridge ia 36 feet, the carriage-way occupving 25 feet. 

(F) In this bold struelure, liie width of each ot the two extreme 
baya is 210 feel. The curved rib is composed of tlurteen solid 
panels, each of which is Sf inches thick, and has a rim, or flanch 
around it about 4 inches broad. The rib is 6 feet deep at the 
crown and 8 feci at ihc spring. The spandrel-filling is compoaed 
of lozenge-shaped panels with vertical joints; they are secured 
to the back of the cun'ed rib and support Uic roadway-plales. 
The cui'^'ed ribs are connected by lie-plates inserted between the 
joints of the voussoirs ; and they are braced by feathered diago- 
nal braces. The piers are 24 feet thick at the apriiiging line^ 
and are built up to ihe level of the roadway-plales. The width 
of the carnage-way is 25 feet, and that of each of the footpaths 
7 feet. 

(G) This "bridge presenis a very hght and elegnnt appearance ; 
the panels of the cun'ed rib being cost wilh open cun'ihnear 
spaces, which divide the panel into several rectangular-shaped 
figures, wi,th aolid sides and diagonals. Each rib consists of 
twelve panels. Tho depth of the ribs is 3 feet. The lliickness 
of the iwo exterior ribs is 2^ inches, that of tlie four interior 
a inches. The nba are connected by grated tie-plales between 
the panel-joints, and ihcy abut against springing plates which 
are 3 feet wide and 4 inches thick. The roadway-bearerB and 
road-platea are of cast iron. The apandrel-fiUing is composed 
of Ioaeiige-Bha[>ed panels, the sides of the lozenges being fea- 
thered, iiiid tapering from the middle to the extremities. The 
ribs of tlie bridgC'Irame are conneclod and braced in the usual 
manner. The road-bearcra are laid lengthwise upon the ribs, ia 
which ihey arc htmly secured, and they are covered with iron 
toad-plates, upon which the road-covering rests. The free road 
tpace is 24 feet. 

(H) In this structure, (Figs. 38, 139,) the engineer has de 
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Ae Uiickness of llie piers, where smallcsl, being 10 fveU The 
Biciies adjoining the centre are 95 feet spaiL each, &nd rise 13 
leet 3 inches. The piers, taken as beforr, arc each 9 feet 6 
inches lluck. The extreme arches are each 81 feet Epan, and 
rise 10 feet 6 inches. The abutments are, in their smallest di 
mcnnioriB, 13 feci ihick, forming al llie bacli a strong arch abutting 
acainat the return-walls to rei^igt the iionzontal thrust. The ends 
01 ihe piers are semicircular, having a curvilinear bailer on ihe 
Hides and ends formed with a radius of 35 feet, and extending 
■Opward from Uie level of high water to the springing course, ana 
downward to llw level uf the waiter al tiie lowest ebb. The 

rut of the abutments liarc a corresponding baiter, 
" The roadway is 24 feet wide, supported by 5 caat-iron equi- 
distant ribjj. Each rib is 2 feel 13 inches ui depth at Uie spring- 
ing, and 2 feet at the apex, by 2 inches tliick. with a (op and 
boltum flvige of 6 inches wide by S inches thick, and is cast in 
5 pieces ; their joinla (which are flanged for the purpose) arc 
uoQuccted by screw-pins with tie-plates equal in lenglli to the 
width of the roadway* and in deptli and lliicknea« to the ribs; 
between these raeeting-platcs llie ribs are connected by strong 
feathered croase$, or diagonal braces, witli scrcw-piiis passing 
through their flanges and the iram ribs. The sjmnging-plales 
are 3 inches thick, wilh raised grooves lo receive the ends of the 
ribs, which hare double shoulders. These plates arc sunk flush 
into the springmg course of the piers and abutments, which, wilh 
'e cordon and springing course, are of granile. Tlic pier- 
dards aad spandrel- fillings are fcailicrcd castings, connected 
.nsversely by diagonal braces and WTought-iron bars passing 
through cost-iron pipes, witli bearing- shoulders for the several 
parts to abul against. The roatSway-bearers are 7 inches in 
depth by 1} thick, With a proportional top and bottom flange ; 
they are fastened lo the pier-standards by screw-pins through 
sliding mortises, wliereby a due provision (s made for cillier ex- 
pansion or contraction of the metal ; the road way 'plates are J of 
■o inch thick by 3 feet wide, connected by dajiges and screw^ 
piiis, and project I foot over the outer roadway- bearers, thus 
tbrjiiing a cornice the whtile length uf the bridge. 

" The adoption of these forms for the piers and arches, ia uni- 
■onwith the plan of fijiishing the piers above the sprin^^ing course 
vhtll cast iron instcjid of tiiasonry, has, as 1 had hoped, given a 
degree of uniform lightness combined with strength to the general 
eflctl, iinoblainable by die usual form of slraight-siiied pier* car- 
ried to the height of the roadway, wiiJi flat eegmenta of a circle 
for ihc arches." 

(I) The curved ribs of this bridge are tubular, the cross sec 
tioa of the lube being an elhp^e, Uie transverse axis of wEiidi ia 

32 



Sfastfi 



Ifcxffd W M. Ti 
■ dKM^af 
Mt oaty froB the 
CfCa an- Si 
by Hr. Geor^ 

From liicae recoried 



refaandn 

611. ^Kl MifTm^ \m tmmm m^itmmiMmBTiiga 

beaBoBccd. The eftd 
at vdKs WBs fent oh 

WBK tand to take phoe, 

be t w utJi the •etMKH, bat 

woe aba Toy amnately Doied 

• bnd^ at Stuaes. _ 
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Wbeo iron ms fim proposed to Be emplo^ for bridges, oU 
jcctioiu -were brouglit against it on the grouHt of the effect ol M 
clungcA of temperature upoQ this melaL The failure in the ^ 
abotnwnu of the iron bridge at Staines was imputed it> thi& causey 
and like objecliuiu were seriously urged against (^er stnicturea 
about to be erected in England. To put mis matter at resl, ob- 
iervaliona were very carefully ma'+e by Sir John Rennic upon 
llic arctice of .^oulhwark bridge, built by his fatlier. From tiiese 
expenmcnu il appears ihat the mean rise of the centre arch at J 
Itie crown was abwiil j'jlli of an inch for each degree of Fahr., " 
or 1.25 iiichcii for 50" Falir. The change »f form and increase 
ef pressure arising from this cause do nol appear to have aSectcd 
m any sensible degree the permanent aiabitily either of thia alruc 
Mira, or of any of a like character in Europe. 
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SUSPENSIOM BHIIXJES. 

612. The use of flexible materials, aa cordage and the like, te 
form a roadway over chasms, and narrow waier-courses, Jalea 
from n very early period ; and stmcliires of ibis character were 
probably among the first rude aiiempts of ingenuity, before the 
irts of ihe carpenter and mason were BufRcieiilly advanced lo be 
made stibacrvieat to the aamfl ends. The idea of a suspended 
roadway, in its simplest form, is one lha.t would naturally present 
itself to the mind,, and ila consequent conslmction would demand 
only obvious means and but little mechanical contrivance ; but 
die step from this atage to the one in which such structures are 
now found, supposes a very advanced slate both of science and of 
its application to the industrial arts, and we accordingly fijid that 
bridge architecture, under every other guise, was brought to a 
high degree of perfection before tlte suspension bridge, as this 
atructure is now understood, was alTempted. 

With the exception of some isolated cases which, but in the 

matenal employed, diflTered little from the first rude slructures, 

no recorded attempt iiad been made to reduce to syatemalic rules 

ihe means of suspending a roadway now in use^ until about the 

year 1801, when a patent was taken out in this country for the 

purpose, by Mr. Finlay. in which the manner of hanging the 

ehatn supports, and suspending tlie roadway from it, are speci 

fically laid down, diife ring, in no -very material point, from thr- 

practice of the present day in this branch of bridge architecture. 

Suice then, a. number of structures of this character have been 

erected both in tlie United Stales and in Europe, and, in some 

inslancee, valleys and water-courses have been epanned by ihem, 

under circumstances wliicli would have baffled the engineer's ait 

.in the employment of any other means. 

i A suspension bridge coEisisla of the supports, tertned ptera. 

Hum which the suspension chains are hung; of the anchoring 

Pnasses, termed the abutments, to which the ends of the suspcn- 

iion chains are attached ; of the suspension chains, termed the 

isunn cfuiins, from wliich the roadway is suspended ; of the verti- 

rods, or chains, termed the siftpeudmg-chainSi &c,, which 

snnect the roadway wilti llic main chains ; and of the roadway. 

613. As the general principles upon which flesible supporta 
Br structures should be arranged have already been laid dovrif 

ler the head of Franimg, nothing more will be requisite, under 
present head, than to add Lhoae modifications of the applick 
3ts of liiese principles called for by the character of the slru'^ 
E3 in question. 

614. nays. The natural water-way may be divided into an 
iber of equal-sized baya, depending on local circumatanre 
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Ae camfmnOwK ent of k^i or Unr pieri, sad tlttt of 
B cknas, and the mwp t i w fi Bg-mih 

wtk a s^c b>r of onaidaiUe width presesB a 

OOTciKinacMdchanacr.awlksjSaMitj. allothef 
llnip bdog a{BBl, n greater, the ■m p Bln d t Inxn undutaliaa* 
CWKd b>r « maraaUe bad beiag Jcm Uba octe at serenl ba^ 

If nre faa^ of ttfoi apaa ace pnfemd to a single un« wall 
as Rfoal *er»ed sine, the chana nav be lopporieti eitbcf by « 
aio^e central pier, or W itiree piera of the aame heigtiL Witfa 
»iiiigicpier.ibe m a ct aie wiUpcaem the appearance (F^. 101. 
Art. M8) of two half cures. Tbe teaaiDD on tlie chains aad 
the boniBatal abahi at the top of the pier will, in tliis case, bt 
the max m m dm «f the fnl cture of dogble ihe span and Ifaa 
. versed sue ; and twice aa great as in the case of titree 
I fimn with csivca of etjoal tpaa aak the aame veiaed aioe. 

If. instead of a cenbal pier with two seon-aicfaes, two entin 
I aTcfaea be preferred for the bridge, then three ja^ts wiU be necea 
■ary* wiooi Deed ooly be half the height of tbo»e which a sin^k 
haj woold recjoirr. The leniioa on the chains in ihis case wif 
[•e octly otte fourth ci xhaX apoo the chains of a bridge with a sir 

■- \my of doubfe width ; and tbe abutments may be made pr 
mionally leaa stnxig. 

6t5. Piers. Tfaeae are conomonly iiia,»e3 of auuonrr in Die 
fhape of pillars, or colunuia, that rest on a common fouodauon. and 
are umally CQtmccl^ at top. The form giTen, to the pier, when 
of stone, will depend in some re&pecta on the Ircalitr. Generally 
it is that of the architectural monument known as the Triumphal 
Arch; an arched (^ning being formed in ihe centre of the mas 
for the roadway, and someiimes two others of smaller dimensions,! 
«a eacb side of tlie mam on«, for tpp>oache3 to the footpaths 
the bridge. 

Piers of a columnar, or of an obelisk form. Iiave in some i 
Mances l>een tried. Tliey have generally been found to be wanf^J 
ing in atifihess, being subject to vibrations trom tbe action of the 
ch&ins upon them, wiiich in tiim, from the rcciprociU action upon 
itic chains, teiLils very much to increase the amplitude of the vi- 
brations of ihc latter. These effects have been observed to 
tlie more sensible as the columnar piexa are the higher and mor 
Blender, 

Casl-ifon piers, in the fonn of columns connected at top by aid 
entahlalurc, have been tried with success, as also have bectt.] 
Ci'Iumnar piers of the same material so arranged, witli a joint at 
dicir ba»c, that liiey can receive a pendulous motion at top to &c- 
cominudutc any increase of tension upon eittier branch of the chain 
lealing oti them. 

The dimensions of piers will depend upon their height ajid iba 
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lin upon ihera. When built of stone, the masonry should be 
very carefully conslmctcl of large b|oc|ui well bonded, and tied 
by mcial cramps. The heiglal of ihe piers will depend moslly 
on tlie locahly. When of ihe usual funns, ihcy should at least 
be high enough to admit tlie passage of vehiclcA under the arched 
way of the load. 

k^ 616. Abutments. The forma and dimension* of ihe abtitmenta 

Bill depend upon liie matiner in wliich ihey may be connected 

wilh ihe chains. When the locahty will admit ihe chains to be 

anchored without deflecting ihein vertically* ihc abutments may 

be formed of any heavy mass of rough masonry, which, from ils 

weight, and ilie manner in which it is imbedded, have sufficient 

strengtli to resist the tension in the direction of the chain. If il 

u found ntccssary lu d<'flecl [he chains vertically Lo secure a good 

aDchoriiig pomt, it will also generally be necessary to build a mass 

of masonry of an arched form al tlie point where the deflection 

takes place, which, to present suflicienC strength to resist the 

pressure caused by ihe resullant of tiie tension on the two 

tranches of the chain, should be made of heavy blocks of cut 

stooe well bonded. If the abutments are not too far from the 

foundations of the piers, it will he well to connect ihe two, in 

order lo give additional resistance to the anchoring points. 

^ 6i7. Muiit Chutns, Ac. The suspending curves, or arches, 

■ay he nmde of chains formed of flat, or round iron, or may con- 

Bftt of wire cables constructed in the usual manner. 

■ The main chains of ihe caihcr suspension bridges were formed 

Wt long links of round iron made- in the usual way ; but, indepcn- 

^fenlly of ihe greater expense of ihesc chains, tliey were found to be 

liable to delecis of welding, mid the links, when long^ were apt to 

become miashnpen umdera grefil strain, and required lo be stayed 

to prt-BCr^^e ihuir fomt. Chains formed of long links of flal bars, 

usually coTuiecled hv shorter ones, as couplijig links, have on 

lhe«e acciiunis superseded those of ihe ordinary oval-ahapcd 

" The breadth of the chains has generally been made uniform ; 
but in some recent bridges erected in England by Mr. Dredge, 
chains are made to increase uniformly in breadth, by increas- 
tlie number of bars in a link, from the centre lo the points of 
)spen»ion. In addition to ihis change in the form of the main 
lain^, Mr. Prcdge places the suspending chains in a vertical 
le parallel lo the axis of (lie bridge, but obliquely to the hori- 
Ita, inctiQlng each way from the points of suspension, towards 
centre ol the curve. From experiments, it appears that a 
considerable increase of sirenglh, for the same amoimt of 
ktehal, IS given by tliese modifications. 
The number and disposition of die chains will depend upontbc 
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6I&. ^lupnadnv CSUiiu. Tlie mapendifig-rods, or chains 
■bould be altached 10 nch poims of the main chains and the 
roadway-beaicra, as 10 dislimtle the load uiufonnlj over the 
main cnaitw, and la prereot ihetr beiax broken or iwisted aS 
m the oecillatioDs ot' the brid^ inoi vuids, or moresbte looda. 
They should be connected by suttablr-aTTanged aitJculalions, with 
ft saddle piece bearing upon the back of ibe mvo chain, aM at 
I bolloin wilh liie elirrup that embraces the roadnay4>eaFer9. fl 

'I'iie sLspending-chains are usualiy hung Terttcally. In some " 
recent bndges lh«y luivc been inclined mward lo give more Aiff 
tusM tu ilie system 



SUSPENSION BRIDGES 



2Sb 



t 



I 



619, Roadway. Transversal rnaiiway-^carcra are attached 
lo t!ie suspending-chiiins, upon whicli a fluuriiig of limber is laid 
fortlie roadway, Tlie roadway-bearers, in some instances, ha-ve 
been made of wroiighl iron, but limber is iioiv generally preferred 
for »hpse pieces. IJiagoniil tifs nf wrcniyhl iron are placed hori- 
zoiiliilly between the roadway-ben rers to brace the fraiDc-wcrk. 

The pRrapet may be formed in the usual style either of wrought 
iron, «r of timber, or of a combination of cast iron and limber 
Timbfr alone, or in combination ivith cast irtm, is ntiw preferred 
for llie parapets ; as obacrt-atioii has shown that the siifTnesa given 
W llie roadway by a strongly -trussed timber parapet limits the 
atnp)ilii<ii^ of the undulations caused by violeiit winosj and secures 
Uie striictnr€ fnim danger. 

In some of the more recent suspension bridges, a trussed 
frame, similar lo the pai^pel, has been continued below the letel 
of llie roadway, for the purpose of giving greater security lo the 
■tniclure against the action of high winds. 

WHien the roadway is above the chains, any reqtiisile nnmber 
of single chums may be pieced for its support. Trames formed 
of vertical beama of timber, or of columns of cast iron united by 
diagonal braces, rest upon the cliains, and support itie roadway- 
bearers placed cither transversely, or Jonghudiimlly. 

620. I'ibraiions. The undulalory or vibratory motions of 
snspensinn bridges, caused by the action of high winds, or move- 
able luada, should be reduces to Uie amalleat practicable amount, 
by a suitable arrangement of bracing for the roadway-timbers and 
mnpel, and by chain-stays attached to die roadway and to llie 
Dasenicnls of Etie piers, or to fixed points on the baiiks whenever 
ihey can be obtained. 

CHkuliiliou and experience show that the vibrationa caused by 
B muveable load decrease in amplitude as the span increases, 
Wid, for Uie same span, as the verged sine decreases. The 
llHirier the roadway, also, ail other things being the same, the 
■Billler will he the ampltUide of the vibrations caused by a move- 
aT)lc loud, and the less will be their effect in changing the form 
of the brirlge. 

The vibrationa caused by a moveable load seldom affci;! the 
Widgc in a hurtful degree, owing to the elasticity of the sysleiu. 
imlotfs they recur periodically, as in the passage of a body of 
soldiers with a cadcnced march. Serious accidents have been 
occasioned in this way; also by the passage of cattle, and by 
tlie sudden ruali of a crowd from one side of the bridge ttt the 
Kthcr. Jnjiirica of this character can only be guarded against by 
1 proper avatem of police regulations. 

Chani'Stnys may either be attached to some point of tne road 
way. and to lixed points beneath it, or else lliey may be m the 
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fbnn of a reversed cunc below Uie roadway. The former is 
more efficacious, but it causes the bridge to bend m a diaagrefril 
ftblc manner at tlie point where ihe stay is atlaclicd, when the 
^lioti of a moveable load onuses the luain chains to rise. The 
more obhque the slays, the longer, more expensive, and les' 
effective they become. Slays in itie form of a reversed cunt 
presen-e better the shape of the roadway under the action of 
moreabie load, but tiiey are less effective in prcTenling vibiBliomJ 
thwi tiie simple stay. Neither of these methods is very scrvice-f 
kbte, except in narrow »pans. In wide ^pana, variations of lem- 
peralure cause considerable chunges in ihc lenglli of Ihe stayi, 
which makes tiicm act unequally upon tile roadwity ; tliis is pat- 
ticularlv the case with the reversed curve. Both kinds should 
be arranged with adjustiiic; screws, lo accoinmodale their length 
to the mare eitremc variations of tempernmre. 

Engineers, at present, generally agi'ee thai the most efficaeioii! 
means of limiting the an:iplitud€, and the consequent injurioui^ 
effects of iindulaUons. consists in a strong combination of lli^H 
roadway-limbers and flooring, stiffened by a trussed parapet of^* 
limber above llie roadway, and in some cases in extending ihe 
frame-work of the parapet below it. These combinaliona pr 
sent, in appearance, ajid reality, two or more open-built hear 
a.9 circunislances may demand, placed parallel to each other, . 
strongly connected and braced hy the fram«-Work of the road'^ 
way, wlitch arc supported at inlcrmediBte points by the suspend- 
irg-rods, or chains. The meiliod oi placing the roadway -framing 
at tlie central luie of the opcn^built beams presents Uie advantjige 
of introducing verlical diagonal braces, or ties between the beamia 
beneath tiie roadway-frame. Tlic main objection to these conw^ 
biniUioiis is tlie increased tension tlirowo upon llie eliains fi-om 
the greater weight of ike frame-work. This increase of tension, 
howovLT, provided il be kept within proper limits, so far from 
being iiijunuus, adds to the stabUily and security of the bridge, 
both from the effects of u iiduEations and of vibrationa from shocki 

Asa lailher security lia Uie stability of the slnicture, the fntme 
work of the roadway should be firmly attached at the two eiic 
luitics to lite basements of the piers. 

cm. Preservaltve means. To preserve the chains from Cli- 
datioji on the surface, and from rain or dews which may lodge 
tJte articulations, they should receive several coats of minium, 
of some otlser preparation umpcrvious to water, and lliis s\iL\ 
be renewed Fruni hinc to time, and the forms of all the 
should be the most sutlalile to allow Uie free escape of moisU 

Wires for cables can be preserved from oxidation, until tho| 
are made into ropes, by keeping tliem immersed in some alkalir 
folutioo. Before uiaking them into ropes they should be dipj 
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cevcnil times in loiling linseed oil, prepared by previously boil* 
iog ilwiiha small pcriion of litliarge ana lampblack. The cablei 
should recC-ivc a thick coaUng of llie same prCpaialioii befart 
they are put up, and finally be painted with white lead paint, both 
SB a preservative means, and to show any incipient oxidation, ob 
the msl will be detected by ita discoloring the paml, 

623. Proofs of Suspension Bridges. From ihe many grave 
aceideutB, accompanied by scrjoufi iosa of hfc, which have taken 
place irk suspension bridges, it is highly desirable ihat some trial- 
proof shoula be made before opening such bridges to the public, 
and tliat, moreover, strict polite regulations abuuld be adopted 
and enforced, with respect to ihcm, to guard against ihc rccuT- 
leiicc of such disasters as have several tiinea taken place in £ng 
land, from the nsscmblage of a crowd upon die brid;5e. in 
France, and on the continent generally, where one of the impor- 
tant duties of the public police ia to watch over llie safely of life, 
vmdersLich circumstances, regulations of this character are rigidly 
fiaforced. The trial-proof enacted in France for suapcrisinn 
bridges, before lliey are thrown open for travel, is about 40 lb«, 
to each supeificial foot of roadway in addition to the permanent 
weight of the bridge. This proof is at first reduced to one halC 
in (ffder not to injure the masonry of the points of support during 
the green condition of Uie aiortar. Jl is made by diBlribuling 
over the road surface any convenient weighty material, as bricks, 
pigs of iron, bags of oarlh, ^c. Besides this after-trial, each 
etemeni of the main chains should be subjected to a special proof 
;to prevent the introduction of unsound parts into the system. 
IIS precaution witl not be neccsaary for the wire of a cable, as 
'the process of drawing alone is a good test. Some of the coils 
tested will be a guarantee for the whole. 

From esperimenls made at Geneva by Colonel Dufour, one of 

the earliest and most succeseftil ronatruclors of suspension bridges 

on the Continent, it appears that wrought bar iron can uustaia 

)' without danger of rupture a shock arising from a weight of 44 

lbs. raised lo a height of 3.28 feet on each, .OOlddths of on iRcli 

of cross scclion, when the bar is strained by a weight equal to 

_ flflc third of its breaking weight ; and he concludes tlint no ap- 

Kprebension need be coterlained of injury to a bridce from shacks 

caused by the ordinary transit upon it, which has been suhjeciL-a 

10 the usual trial of a d«ad weight, and that the safely, in this 

• respect, is the greater as the bridge is longer, since the elasticity 
of we sy&icm is the best preservative front accidents due to sucli 
causes. 

823. Ditrehilily. Time is the true test of the durability a 
ihe stnicttirea under consideration. So far aa experience goes 

tthare aeeoifl lo be no reason to assign less durabilmy to suspeo 
, 33 
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■on than to cast-iron, or eren stoiK bridgo, if their repain 
ilie proper meuis of preserring ihem from decay are atlended to. 
Dmbta tftTC been expressed m to the dqrubiljty of wire rabiw, 
but lliese seem to hare been s>et at rest by the trials und exunh 
natknn to which a bndge of iJua Idod. erecud by Colonel Dofbur, 
at Geneva, was subjected by bini after twenty years &e^vi<^e. It 
iTM found that llie undulatioHs were greater than when llie bridge 
yn» first Creeled, owtng lo tlie ahrinklPg of the roadw^y-ftimie 
but the main cables, and susperKling-iopes, eTon at the loops 
eonuct with the timber, proved lo be as sound as when firel 
Qp, and free 5om oxidabon ; and the whole bridge stood ai 
very severe proof without injuiy. 

624. The following succinct descriptions of tfae principal 
meats of acme of tfic most celebrated suspension bridges 
chains, and wire cables, of remarkable apan, are taken from T^^ 
nous published accounts. 

Bridge over the Tueed near Berwick. This is die first larjB 
suBpensjon bridge erected in Great Dritain. It was consuucied 
upon the plans of Capl. Brown, who took out a patent for iho 
principles of its construction. 

Span . . . . 449 feet 
Versed sine . . . 30 " 

Number of inain chains 1 2. six being placed on each side of 

roadway, in three rajiges, of two chains each, aburc 

Other- 

The chains are composed of loiiff links of round iron, S inc 
in diameter, and ore 15 feet long, Triey are connected by couf 
links of round iron, 1 } inch diamelert and about 7 inches long, 
means of coupling bolts. 

The roadway is korneby suspending-rods of round iron, whi_„ 
■are ailached allematelyio the three ranee« of chains. The road 
way-bearers are of timber, and are laid upon longitudinal b; 
of wrought iron, which are attached lo the suspeiuion rods. 

Minai Bridge, erected after the designs of Mr. T«J/( 
Opened in 1826. 

Span .... 579.8 feet. 
Versed aine . . 43 " 

Piumber of main chains 16, arranged in sets of 4 each, vertically 

above each other. 
Number of bara in each Unk 5. 
Length of links lU feet. 
Breadth of each bar Sj inches ; depth 1 inch. 
Coufihng hnks 16 inches long, 6 inches broad, and 1 inch deep 
Coupling bohs 3 inches in diameter. 
Total area of cross section of the main chain, 260 squ^e incLci 

The main chains are fastened to their abutments by anchoring 
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)m>Ub 9 feet long and 6 indies in diameter, which are Becured ir 
cast-iron greoTCs. The abiltmenls, which are underground and 
readied by suitable lunncU, arc the solid rock. 

Upcn inc lops of the pitTs are ciist-iron Baddlfis, udoti which 
the main chains rest. Tlic bas^ uf llie saddle^ whicn is jilted 
with grooves to receive tliem, resls upon iron rollers placed on a 
conTexcvUndrical bed of cast iron, shaped bke tlie bottom of the 
base of the saddle, to adinil of a slight displacement of the chains 
ftom moveable loads, or changes of temperature. 

The roadway is divided into two carriage-ways, each 12 feet 
wide, and a footpath 4 feel wide between them. The roadway- 
fraiiuiig consists of 444 wrought- iron road way- bearers, Sj inches 
deep and J inch liiick, which arc supported at the centre points 
of each of the carriage-ways by an inverted truas, consisting 
of two bent iron lies wliich support a vertical bar placed under 
ihe roadwav-bars at the points just mentioned. The platform 
of the roatlway is formed of two lliicknesses of plank. The 
first, 3 inches thick, is laid on liio roadway-bearera and fastened 
to them. Thia ia covered by a coaling of patent felt soaked in 
boiling tar. The second is two inciies thick and spiked to the 
first. 

The roadway is suspended by articulated rods attached to 
Stirrups on ihe roadway-bearers and to the coupling bolts of the 
' main cbams. 

The piers are 152 feet high above the high-waler level. They 
hare an arched openiog leading to the roadway, and ihn masses 
on the sides of the arcn are built hollow, with a cross-lie partition 
Wall between tlie exterior main walls. 

The parapet is of wrouglil-iron vertical and parallel bars coti- 
r nccled by a network. 

This bridge was serioualy injured by a violent gale, which gave 
so great an oscillation to tlie main chains thai lliey were dashed 
a^inat each other, and the rivet-heads of llie bolts were broken 
off. To provide Hgainei similar accidents, a frame-work of cast 
iron tubes, connected by diagonal pieces:, was fastened at iater- 
vals between liie main chains, by cross ties of wrought-iron rods, 
whicli passet! through the lubes, and were iirmly connected with 
' the exterior chains. Subsequently to this addition, a number of 
alrong timber roadway-bearers were fastened at imeivals to tboac 
uf iron,, as the iron roadwav-bcatera were found to have been 
bent, and in some instances broken, by the undulalory motion of 
Ihe bridge ill heavy gales. 

The total suspending weight of this bridge, including the main 
chains, roadway^ and all accessories, is stated at 643 tone, 15| 
ewt. 

The Frd>ourg bridge of wire thmwn across the valley of ifae 
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Sariae, opposite Fribourg, was erected in 1832 by Af. ChmU^, i 
French engineer. 

Spaji . . . 870^S feeL 
Versed sine . . 63.26 " 

There are 4 ma.iii cables, two on each side of the md, of I 
same elevation, ami about I; inch asunder. Cach cable is co 
po3cd of 1056 wires, each about 0.1 18 inch in diameter, which 
arc 5nnly conrccled and brought lo a cvHndncal shape bj a spii 
wire wrapping. The diameter of the cable Tariea Dtun 5 lo ' 
inches. The cables pass over 3 £xed pulleys on Lfae top of 
piers, upon which they are spread out without ligatures, and an] 
eadi atuched lo two oilkcr cables of half their diameter wLich 
ore anchored at some distance front the pieis, in vertical piU> 
passing over a fixed pulley where they enter the moutii of thn 
pit. 

The suepending- ropes arc of wire a size smaller than tliat used 
for the cables. Their diameter ii Marly 1 iucJi. Tbey are 
formed with a loop at each end, fastened around a crupper-shaped 

Eiece of cast iron, dial forms an eye to connect the rope with the 
ook of the stirrup affixed to the roadway-bearers, and lo a saddle- 
piece of wrought iron, for each rope, that rests on the two nuun 
cables. 

The roadway-bearers are of limber, being deeper in the centie 
than at (he two ends, the lop surface being curved to confonn tO' 
a alight transverse curvature given to iho surface of the carriage- 
way; ihcy arc placed about 3 feel between llieir centre Unei, 
every fourtli one projecting about 3 feet beyond the ends of the 
others, to receive an oblique wrought-iron stay to maintain 
parapet in its vertical position. The Carriage-way^ ^^hich is at 
15^ feci wide, is formed of two iJiickncsses of plank. The fo 
paths, whicli are 6 feet wide, are raised above ibe surface of it 
carriage-way, and rest upon longitudinal beams of large diuic| 
sions, the inner one of which is firmly secured to the roadwal 
bearers by stirrups which embrace them, and ihe exterior one 
fastened lo tlie same pieces by long screw-bolls, wliich paa 
liirough the lop rail of the parapet. The roadway has a suglit 
curvHture from the centre lo the two cHremitics, along the axis ; 
Uie cenire poini being from 1 8 inches lo about 3 feel higher thaa 
the ends, according lo the variations of temperature. The mai 
cables at the centre are brought dow i nearly in contact with 
road way -Umbers. 

The paiapd is an open-built beam, consisting uf a top rail, 
bottom rail being the longitudinal exterior beam of the footpalli, 
and of diagonal pieces which are mortised into tlie two rails ; ihe 
whole being secured by the iron bolls that pass through the rgud 
Way-bearers and ihe tup rail. This comblnalioD of the parapet 
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ith die incliiation towards ihe axis of tlie luatlway given to the 
Baapending-ropes, gives great stiffness lo (he roadway, aJid coun- 
lenic1» both latoral osciilalions and longitudinal undulations. 

The piera consist of iwo pillars of swJd masonry, a.boui 66 fee 
igh above Uic level of ihe roadway, whicli arc uriied, nl aliout 
33 feel above the same level, by a full centre arch, having a span 
of nearly SiO feet, and which f«rinB ihe top of the gateway leaJiug 
to tfie bridge. 

Hungerford and Lomhclh biidge, erected over the Thames 
Upon the plans of Mr. Brunei. 

This bridge, desjtined for foot-passenffers only, has the widest 
jtpan of any chain bridge erected up to this period. 
Span . . *j~tii feet. 

Versed sine . 50 " 

The main chains are 4 in number, two being placed on each 
fide i£ the bridge, one above the other. Tla^ae chains are formed 
entireiy of long hnks of flat bars ; the hnks near the centre of the 
curve having altemalcly ten and eleven bars in each, and those 
near the piers alternately eleven and iweive bars. The bars are 
84 feet long, 7 inches in depth, and 1 inch thick. They are 
connected by coupling-bolts, 4f inches in diameter, which are 
secured at each i:nd by caal-iron mils, 8 inches in diameter, and 
2J inches tliirk.. The eilrejnily of each chain is connected with 
I casi-ir-on saddle-piece, by bolls which puss through the vertiical 
ribs of the saddle-piece, of which there are 15. The bottom of 
tlie saddle rests on 30 friction-n>llers, which are laid on a firm 
horizontal bed of cast iron. The saddle can move 18 inches 
horizontally, either way from the centre, and thus compensate 
for any inequality of strain on the main chains, either from a lo&d, 
or from variations of temperature. 

The side main-chains are ailnched in like manner lo the sad- 
dle, and anchored at the other exlremily in an abutment of brick- 
work. The anchorage (Fig. 140) is arranged by passing ihe 
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The Joadway-tiinberB consist of a strong loagttudinal bottom ' 
beam* upon wnich ihe roadway-bearers are notched; these last 
fieces are to pain, the mo being so tar apait that the bolts eea- 
LoteUng with the suspending-rods by a forked head can pass be- 
\ Iwccn them ; the flooring-plajik is laid upon the roadway-bearers ; 
Bti'J a top longitudinal beam, which fonns lhe bottom rsi) of the 
tiQi-Fipct. IB Bccured to iJie bottom beam by tlie connecting bolt. 
Wruught-iron diagonal lies are placed horizontally below ihfl 
flouring, In brace the wtiolc of llie limbers beneath. 

The Tuadway is 14 feet wide. It slopes &om the centre poia 
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_ tlie asis to tlie extremities, being 4 feet higher in ihc ctintre 
than .11 liie two last poinl^. 

The piers are in the form of towers, rescrnbling the Italian 
slfrv- They are tif brick, 60 feel highj and so conslrucled and 
combined with ihe top satidlos, llial ihey have to sualain no otlibl 
i^BLrain than the vertical pressure from the main-chains. 
^K The whole weight of the siruciure, with an additional load of 
^MOO Ibs^ per aquare fool of ihe roadway, would throw about lOOC 
^Btons on each pier. The Tension on the chains from this load is 
1 calculated at about 1480 loiia; while l3ie strain tliey caji bear 
ffiiliout impairing their strengtii is about 5000 tons, 

Monongahela wir/! Bridge. TIjis britige, erected at Piltsburgh, 

Penn., upon plans, and under the superinlcTidence of Mr. Roe- 

bling, has 8 bayis, varying between iwsand 190 feet in width, h 

^—i& one of the more recent of tliese slnieturea in the United Stales. 

^m The roadway of cacfi bay is supported by two wire cables, of 

^"4^ inches in diameter, and by diagonal slays of wire rope, at 

tacbed to the sainc point of suiipciisinn as Ihe cables, and con 

fuecting with dilfcrenl points of the roadway-timbers. The ends 
of the cahles of each bay are attached lo pendultmi-bars. by 
means u( two oblique arms, which are united hy joints to the 
pendulum-bars. These bars are suspended from the lop of 4 
caslt-iron coluinns, mciiiiing inwards at top, which are there firmly 
united to each other; and, at bottom, anchored to llie top of a 
stotic pier built up to the level of llie roadway-iimbeTg. The 
Bide columns of each frame arc connected throughout by an open 
lozenge-work of cast iron. The front columns have a hke con- 
nection, leaving a aufficient height of passage-way for fool-paa- 
aengers. 

The frame-work of 4 columns on each side ta finnly connected 
il top by casl-iron beams, in the form of an enlablalure. A car- 
riage-way is left between the Iwo frdmes, and a footpath between 
I the two columns forming the fronis of each frame. 
The points of suspension of the cables are over th« centre line 
of llic ioolpalha ; and tiic cables arc inclined ao far inward that 
ihe centre jioim of the curve ia altachcd just outside of the car- 
riage-way. The suspendiiig-ropes have a like inward inclination, 
ihc object in both cases being to add stiffness to the syaiem, and 
diminish lateral oscilhlions. 

Tin! roadway consists of a carriage-way 22 feet wide, and two 
footpaths each 5 feet wide. The roadway-bearera are tratiSFcrsal 
'beams in pairs, 35 feet long, 15 inches deep, and 4| inches wide. 
They are attached lo ilic suspending -ropes. The flooring cod- 
Misls of 21 inch plank, laid lon-ptudinally over the entire roadway- 
lurface ; and of a second thicknces of 3j inch oak plank lud 
tnnBveraely o*er the carriage-way. 
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<£ H. PoDcelet, which has been succesefullj applied ia miun 
iiutaocea in Fnnce far ihe draw-bridges of miluary woxka, u 
one of ihc BHWt simple in iu airaagcmcnt and construction. Th« 
moveable end of the platfann (Fig. ]44) is connecied by i com- 
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mon chain, that passes over the gorge of a wheel hung upon e 
horizontal shaft above the plalform, with aifoUicr chain of variable 
breadlh, fonned of flal bar links, which forma the counierpoise. 
The chain counterpoise is attached at its other exJremity lo a 
fixed point in such a way, that when the plalfomi ascendsj a por- 
tion of the weight of the chain is borne by this fixed point ; and 
thus the weight of the coumerpoiae decreases as the pktforra 
rises. The system is mancEUvrcd by an endless chain passed 
over the gorge of a wheel hung upon the horizontal shaft. 

For light platforms a counierpoise may be dispensed with, and 
the bridge may be manEUvred by connecting the chain attached 
lo the moveable end of the pJaliortn to a hoiizuatal shaft, which 
is turned by the usual toolh-work combinations. 

When the locality does not admit of manojuvring the bridge by 

Fig. I*S— Show* Um at- 
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ft chain connected with some point above ihe fVanie-work of the 
platform, Fig. 145 is continued back, from two thinle to tbrea 
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fefths its length, from the face of the abutment, to form a eoun- 
tcrpoiae for the ptarfomn of the bridge. The horizonlat axis at 
the bridge is placed near tlie face of ihe abulment, and a well of a 
suitable fhapc lo receive ihe poslvrior portion of the platform that 
forms the counleqjoise is formed behind the abutment. 

The mechanism for working tlic bridge may consist of a chain 
and capatan below the platforni-counlerpoiac, or of a suitable 
combination of tooth-worh. 

In bridg;e9 of a single platform, the moveable extremity, when 
the bridge is lowered, rests on the opposite abutment, and no 
intennediate support will be required for tlie slrucmra if the 
frame-work be of sufficient slrengtti ; but when a double bridge. 
consisting of two p]a[fonns, is used, tliG platforms {Fig. 143) 
eliouid be supported near their moveable end;3, when llic bridge 
is down, by ainits moveable around the joint by which ihcy are 
ccuaected with the face of the abvittnents. These struts are 
eo connected wilJi liie bridge that lliev are detached from it 
and drawn up when it is raised, and fall back into their places, 
abutting against blofks near tlic moveable end of llic pliiform, 
when the bridge is down. By these arrangements the cluiins for 
working the bridge arc relieved from n portion of ihe strain when 
the bridge is down, and it is also rendered more firm. 

When ihe counterpoise is formed by ihc rear pari of the plat- 
additional security m.ay be given In the bridge when down 
ing two chaina beneath the platform, and fieciiring tliein 

ttnchdring-poinla at the bottom of the well. In some ca$cs a 
heaivy bar, fined to staples beneath connected with the tiinherg 
of the platform, is used for the same purpose. 

In double bridges the two platforms when lowe-red sliould abut 
against eaeh other, giving a slight elevation ici the centre of the 
l^ndge. This not only gives greater stilTness, but is favorable to 
detaching the platfonns wlien the bridge is to be raised. 

For draw, and every kind of moveable bridge, temporary bar- 
riers should be erected on each eide at t!ie entrance upon tlie 
bridge, lo prevent accidents by persons attempting lo cross the 
bridge before it is properly secured when lowered. 

627. Tuming-oriilges. These bridges revolve horizontally 
upon a vertical sEiafl, or gudgeon below the platform, which is 
usually thrown far enough back trom the face nf ihe abdiini-nl to 
place ihe aide of llie bridge, when brought round, just uiiliiii this 
face. The weights of the parts of the bridge around the shaft 
should balance each other. 

To support and nianffluvrc tlie bridge (Fig. 146) a circular 
ring of iron, or Totler-way, of less diameter thfui the breadth of 
Jofi bridge, and concentric with tiie vertical shaft, is firmly ini' 
seddcd in maaoruy. Fixed rollers, in ihe ahapc of trUiicaled 
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cones, are attached at equal distances apan lo ihe frame-work of 
the pliitform beneath, and rest upon Uie roller-way. The bridp 
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18 worked by a suitably arranged looih-work, or by a chain 
capstan. In some cases casl-iron balls, resting; on a grvMnred 
ro)l«r-Way and fitting into one of corresponding shape fixed be- 
neatli llie plalforni, have been used for manoeuvring tlie Ijrfdge. 

The ends of the bridge are cut in ihe shape of circular arcs K 
fit recesses of a corresponding form in Uie abutments, so arranged 
as not lo impede the play of the bridge. 

Ill double lurning-bridgea the two ends of the platforms which 
come logeiher should be of a carved shape. The platfiirTDs 
should be sustained froni beneath by atnits, like \i\i>%a used for 
draw-bridgea, which can be detached and drawn into recesses 
when the passage is inteirupled ; or else they may be arranged 
with a balT-aiid'Sockel joint at their lower extremity, ao as to be 
brought round witli the bridge. For ilie purpose of giving addi- 
tional Btrength mid seciirily to the bridge, iron eiays are, in some 
caaesj aUaclied on each aide of the plalform near tlie extremities, 
and connected with vertical posts placed in a line with the verti ■ 
cal shaft, 

Tumiiig-bridgea may be made either of timber, or of cast iron ; 
the latter material ia the more suitable, as admitting of more nc- 
curacy of workmanship, and nol being liable to the derangements 
caused by the ahrinlting or warping of fi-ame-work of limber. 

628. Ralltng'ltruJges. These bridges are placed upon fiTed 
rollers, so lliat tlieycan be moved forward or backward, to iuier- 
rupl, or open ilie communication across the water-way. The 
part of ihe bridge dial reals upon the rollers, when the passage 
]8 closed, must form a counterpoise to the other. The mecfaan- 
iam usually employed fur manceuvnng these bridges eonatsls of 
looih-work, and may be ao arranged that it can be worked by 
one or more pereons standing on the bridge, Instead of gxed 
cullers turnmg on a\l;s, iron balla resting in a grooved roUc 
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may be laed, a similar roller-way bemg affiled to the fi-ame-work 
beiiea.t)t. 

629. Baai-bridge, A moveable bridge of ihts kind may b« 
made by placing a plalfonn m form a roadway upon a boal, or a 
waler-ligbl boi: of a suitable sliape. This bridge is placed in, or 
witlidrawn from the waicr-way, as circumslanccB may require, n 
suiubie recess or mooring being anajiged for il near the water 
way wlien Jt is left open. 

A bridge of this character cannot be convenienlly used in liJal 
waters, except al certain stages of the water. It may be em 
ployed with advantage on canals in poaitions where a fixed bndgc 
could not be placed. 






AQUEDITCT-BRIDeEa 

630. In aqueducts and aqueduct- bridges of masonry, for sup- 
plying reservoirs for the wants of a city, or for any other purpose, 
the volume of water conveyed being, generally speaking, small, 
the structure wilt present no p(?culiar difficulties beyond afTurdiiig 
a water-tight channel. Tliis may be made either of masonry, oi 
of cast-iron pipes, according to the quantity of water to be deliv- 
ered. If formed of nnasonry, the sides atvd boiiora of the ehannel 
should be laid in the most careful manner witli hydrauHc cejuent, 
and the Burfacc in contact with the water should receive a coaling 
of the Same material., particularly if the slono or brick Used he 
of a porous nature. This part of the alruclure should nut he 
commenced until the arches have been uncentred and the heavier 
pans of the structure have been carried up and have had time to 
aettlG. The interior spandrel-filling, to the level of the maaoiirj' 
which forms llic bottom of (lie water-way, may eilhcr be formed 
of solid material, of good nibble laid in hydraulic cement, or of 
1>eton well setUcd in layers; or a system of interior walla, like 
those used in common bridges for the support of the roadway, 
may be used in this case for the masonry of the water-way to 
jest on. 

631. la canal aqueduct-bridges of masonry, as the volume of 
•VBter required for the purposes of navigation is much greater 
tlian in die case of ordinary aqueducts, and as the struclure !ia$ 
to be traversed by horses, every precaution should be titkeit to 
procure great solidity, and secure the work from accidenu. 

Segment avchea of medium span will generally be found most 
suitable for works of this character. The section of the water- 
way is generally of a trapezoidal form, the bottom line being 
hontontal, and the two sides receiving a slight batir; its dimen- 
sioua are usually restricted to allow the passage of a single boat 
lit a time. On one side of the water-way a liorse or tow path it 
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placed, and on the other a narrow fooipatli. The water-way 
should he faced wiih a hard cut-slone masoniy, well bond^ Ic 
secure it from damage from the passsgc of ihc boats. The space 
between llie facing af the water-way, tenncd d»e trunk of ihc 
aquoduci, and the head-walls, is filled in with solid malerialr either 
01 rubble or *if belon. 

A parapel-wali of ihe ordinary form and dimensions sanoounts 
the tow aiid fuolpallis. 

Tlie approach to an aquediicl-bridge from a canal is made h^ 
gradually increasing ilie width »f the trunk between the wings, 
which, for thin parpose, usually receiTes a cnrred shape, and 
narrowing the water-way of the canal bo as to form a convenient 
ac<:css to the aqueduct. Great care should be taken to fonn a 
perfecdy watcr-liglit junction between the two works. 

63S. When cast iron or timber is used for the trunk, of aa 
aqueduct-bridge, the abutments and piers should he built of stone. 
The trunk, which, if of cast iron, is forrned of plates with flarches 
to connect ihetn, or, if of timber, consieta of one or two thick- 
n^flses of plank supported on the outside by a framing of scani- 
liltg, may be supported by a bndgc-framc of cast iron, or of tim- 
ber, or be suspended from chains or wire cables. 

The tow-path may be placed either witliin the water-wav, or, 
as IS most usually done, without. It generally consists of a sim- 
ple fioonng of plank laid on cross-joists supported from beneath 
oy suitably arranged frame-work. 

633, The following succinct descriptions of some of the HQue- ■ 
duel-bridges of the United States and of Europe are derived m>m 
auihentic sources. 

Chirk Aque^luct-hridge over the Ceriog. Tlus work, built by 
Telford, consists of 10 full centre arches of masonry, of 40 feet 
span each. The walcr-way is only 1 1 feci wide and 5 feet deep. 
The tow-path 6 feet wide. 

The piers of this work, which in some places are over 100 feel 
III height, are buiU hoUow for aome distance below ihe top; the 
tacjng being connected by crosa-walla upon which the Ixitlom. 
'»f ihc water-way, formed of broad iron-flanched plates, and tlio 
ninsonry of the sides rest, 

Pnnl'jf-Cystile At^v^daci-lmdge. over the Dee. This is also 
line of Tclford'e early works. The trunk is of tasl-iron plates 
i.niinccted by tlanclies. These rest upon Btone piers and upon a 
l>rid^e-frame of caal iron consisting of four ribs of solid panels. 
The span of iho ribs is 45 feet and the rise 7j feet. 

Tlie breadth of the water-way is II feel 10 inches. The low- 
palh is 4 feet h inches \ride, am ia placed within the water-way, 
resiing upon cast-iron uprights. 

The canal aquoduct-brjdgcs at On/tin OTcr the AlUer, Kti Kt 
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Digmn upon llie Loire, are among tlie more receni structureB of 
ibis character in France. They are both built upon Ihe same 
plan, and of mixed maflonry. The first has eighteen arches ; 
the aecoiid eleven. The span of each arch is 52j feer, and the 
riae about 23 feel. The piers arc about 10 feet thick at the im- 
po8i. The breadth of ilic aqueduct between the heads is 31 feet, 
and that of th* water-way ehout IC feet. 

Rochester Canal Aqucduct-bridgi: . This ia liie most receni 
and ihe largest aqueduct-bridge built entirely of maaonry in ihe 
United Slates. It consista of seven segment arches. Its water 
way is of siLffi.cieiit width for llie passage of two boats, and Is 
ftdapied ID the enlargement of the Erie caiml- The span of each 
aich is 62 feel ; inc rise tO fcej. The key-stone is 2 feet 
6 inches in depth, and the lop of it is on a level with the bottom 
of the trunk. The piers are 10 feet thick at the impost. The 
water-way is 9 feet in depth, the masonry of the sides receiving 
a batir of 3 inches in one foot. The <ieplh of water is 7 feet, 
and tlie width al the water-line 45 feet. The sides of the water- 
way, ihe top surface of wliich forms ihe tow-palhs, are 1 1 feet in 
width at topt including the projection of the coping. The trunk 
at each exlremiiy ts gradually enlarged, in a curved shape, to the 
width of 55 feet, where it unites with the slopes of tlie water-way 
of the canal. 

This work is built throughout in a very strong and Buperier 
maiiJier, of hea^-y blocks of gray iLme-stone laid in hydraulic 
monar. 

Fiftomac Canal Aqueduct-bridge, This work, origbaSly in- 
led to be of stone throughout, was to have consisted of twelve 
arches of eleven centres, the span of each being 100 feet, 
and the rise 25 feet. Every third pier forms an abulment-picr, 
and is 21 feet thick at the impost ; llie others are only 12 feet 
thick at the same level. The piers have been built upon iIk- 
original design, bu', a wooden supcrstruclure, consisting of the 
trunk of ihe aqijeducl, a tow-pnih, and the frame-work for their 
support, has been suhstiLuied for the stone arches. 

The trimk (Fig. 147) ia formed of a frame consisting of two 
p^allel open-built beams, connected at hollom by paraUcl croaa- 
joisis and horizontal diagonal braces, which are sheathed on the 
inlcrior with plank to form the water-way, 

Each of the open-binll beams is composed of a top and bottom 
sthng, oonnecled by uprights tliat project above and below the 
strings, and by smgie diagoial braces placed between each pair 
uf upri^tH. 

Ine low-path is placed on ihe outside of the Uunk, and <oa 
W8t8 of a floorinc laid upon cross-joisis placed between one of dw 
built beams of the trunk and a third parallel to it. 




The BecbeB of ifar mmet-mmt i 
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IVirfafgrf the wwr-pt<faia 6 feel wide betwee n riwmprigliia 
of ^ boilt beann, and » on ■ levd with ibe top of the ahcoilun^ 
The exterior panpet is 3 feet 10 inches abore ibe level of tbe 
low-path, mad an intencr paispct, 3 fed aboire ibe same lere), is 
fonnra t^ a capping od toe uprights of tbe buili beam, makiog 
llie heigbl of ihe capping om each side of the Inmk 10 f«e| 4 
iQCbes aboTe the ahealhing of ifae botiom. 

The frame-work of this slmclure is simple in its combinaUoos 
and weU nrranged both for strength and sliffness. 

Wtrr, Svjpension Canal AqueducC-brid^e over the Atleghmw 
riror at PtUtburgh. Thi» aoFsl work (Fig. 148) wa» pfaTituJ 
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Tig. 146— sliam in «](VBEi-)D a rwrtion of llio alone dippnrts, «nd ■ cms 
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■ikI constructed by Mr. Roebling, througli whom the following 
deiAiled description was obtained : 

" Tliis work is formed of seven spans of 160 feet each itom 
centre to centre of pier. The trunk is of wood and 1140 feet 
long, 14 feet wide at bottom, ItiJ feet wide on lop; ihe sides 8J 
feet deep. Theae as well as the bottom are composed of a 
double course of Z^ inch white-pine plaitk laid diagonally, the 
two courses cross! ns each other at right angEes, so as to form a 
solid lallice-work nf great strenglh and stiffness, suffictenl to bear 
its own weight and resist the effects of ihe mosil violent storms. 
The bottom of the trunk rcsis upon transverse beams, arrniigcd 
in pairs .4 feet apart ; between these the posts which support llie 
sides of ihe trunk are let in with dove-tailed tenons, secured by 
bolts. The outside posts which support the side-walk and tow- 
path tnrline outwaros and are connected with the beams in a 
simila: jiannei. Each trunk-post is held by two braces 2^x10 
inches, and connected with the outside posts by a double joist of 
S^XlO. The trunk-posts arc 7 inches square at the top and 

as 
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•9B« Ac ba£fa «f ■WMHj, wMek are ended «d each pi« 
( far tfac lyi ■■■< I wUdi Mtpponthe c^W 
han M MW e led of ihrc* blo^s Orccmrsts 

ifcofe the letd of de ade-mft «■! tcnr-fitffa, aod meamre 3x5 
feal«ttt«,Bni4xejfMliftbaM. T^ ade~^nlk and to»-p^ 
bdag 1 nt wide, feave 3 (ca ^»oe ootside for the passage of 
dbc pynnndi ; ifae ai^ie «iddi qf Ae tow and fooqnth is utere- 
focc coafrartfj ow rrexy pier ; bwt lbs anaBgenkeat proves no 
■acsATraseace. and wss accesBafjIbrllM sospnaiea of the cab.ea 
■eitlo ibetfilnk. 

** As tbe cna wbidi oivcr iIh saddles and cables on ihe pyra- 
nidi nat 3 feci abere tbe iDstde, or tnmk-niliDg. tliey would 
abstract ifae pa wa ge at Ae tow-fine : lUs borweTcr is (^Tinted 
by a t&i^-ma a( zoaud inm. whidi passes over the top of liie ap 
and fofiDS a gndoal slope down to the niUof on each side of ihe 
pyratnid. 

"Tbewire cables, which arc lb« maia auppon of the structure, 
are suspeoded next lo ibe inink, ooe on each side. Kach of 
these two cables is exaciiy 7 inches in dtamcier, perfect!}' sotiJ 
and compact, ami constnicted in one paece from snore lo shore, 
1 1 75 feet long : jl is composed of 1900 wires of | inch diameter, 
which are laid parallel to uracil otJier. Great care ha^ been tA^en 
lo insure an equal tension of the wires. The oiiJaliun of ills 
wires is guarded against bj- a ramish applied to each separalely. 
The preacrratiun of the cables is inaured hy a close, comp.icl, 
and continuous wrapping, made of annealed wire and laid on by 
macliinery jii the most perfect manner. 

" The eitremilies of the cables on the aqueduct do nol exlenJ 
below ground, bm connect with anchor-chains, which in a curved 
line pass through large mitsses of niasonn-, the lasi links occupy- 
ing 3 vertical ponilion. Tlie bars composing itjese chains aver- 
age l|X'l inches, cind are from 4 to )2 feet long; (hey aie- 
manufactured of boiler-scrap, and furged in one piece will out a 
weld. The extreme links ato. anchored lo heavy casl-ilon plates 
nf fi feet square, winch are Jicld down by the foundations, upoo 
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masonry rests. The stuhility 
of this p&:t o^ih^ structure is fully insured, as the reeislance oi 
ibe anciiorft^e is twice as great as ine grcalesi strain to wliiclj iht 
chains can flver be sutijectiBiJ. 

" The plan of anchorage adopted on the aqueduct vanes male- 
rialiy from those mcllicids usually applied to suspension bridges, 
where an open channel ia fgrmed uiidcr grotmd for the passage 
of the chains. The chain* beiow ground arc imbedded and coto* 
pletely surrounded hy ceinent. In the conslruclion of tbe ma- 
sonry this malerial and common lime-mortar have been abundantly 
applied- The bars are painted with red lead : their preservation 
is rendered certain by the known quality of calcareous cements tc 
urev-en: oxidation. If moisture should find its way icj the chahis. 
It will be saturated with lime, and add another calcareous coal- 
ing to iJie iron. Tins portion of the work has been eseeuted 
with scntpulous care, bo as to render it unneceasiiry, on tlje part 
of those who eserciac a surveillance over tlie structure, to examine 
■ it. The repainting of the cables every two or tliree years wilJ 
insure tlicir ditralion for a long period. 

" Where the cables rest on llie saddles, their size is increased 
al two points, by introducing short wires and forming swells 
winch fit into corresponding recesses of the casting. Belween 
these swells the cable is forcibly held down by three seta of 
»lroiig iron wedges, driven througii openings which are cast in 
the aides of the saddle. During the raising of the frame-work, 
the ecveral arches were frequently subjected to very unequal and 
considerable forces, which never disturbed (he balance, and proved 
the correctness of previous calculations- Tiie woodwork in any 
of the arches, separately, may be removed and substituted by new 
malerial, without affecting the equilibrium of the next one. 

" The original idea upon which the plan has been perfected, 
was to form a wooden trunk, strong enough lo support its own 
weight, and stiff enough for an aqueduct, or bridge, and to com- 
bine this structure willi wire cables, of a sutHcient alrength lo 
bear safely tbe great weight of water. 



" Table of Quantitm on Aqueduct. 

Length o/ ajiueduct without «xienBiQ]iB . 
Lerigtli ol'eablea ..... 
LengLh o/ cab!<>s and chains 
Duunelet of cable» .... 

Aggre^tn weight of both cables 
Sectimi of 4 iect of water in Uao\i . 
Total weight of wuter in oqueduct - 
I)o. do. in OEie span . 

Weighl nf one ipati inriucliii^ atl 
Aggregate number ofwiies in boTb cables 





1140 feet. 




II7S " 




1983 ■' 




7 iaclneB. 




110 tons. 




50 superf. feM 




2100 iohb. 




S85 ■' 
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Acpregite solid seciioa of both caUea ... St wapmt. mA 

Do. do. anchor-ebaiiw . . 7S * 

Deflection of cables 14 feM iatt 

Elevation from top of pyramida to top of piers . 18 ** 6 ** 

Weight of water in one span between pieri S75 took. 

Tension of cables resulting from this weight . 399 ** 

Tension of one single wire 906 Ilw. 

Average ultimate strength of one wire . 1100" 

Ultimate strength of cables 9090 loaa. 

Tension resulting from weight of water upon 1 solid 

square inch of wire cable 14800 Rm. 

Tension resulting from weight of water upon 1 aqraTe 

inch of aachor-ch&ina 11000 " 

Preaanre resulting from water upon a pynmid ■ 1371 turn* 

Do. upoa one supecficial foot 18400 Ifaa." 
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634. In esiablisliing a line of internal communication of any 
zhaiaciei, 'Whether it be ad ordinary road, railroad, or Canal, llie 
main considerations to which the alleniion of the engineer niual 
be direcled in the outset are — 1, the probable character and 
amount of traffic over the line ; 2, the wants of the commiinily 

Pin the neighboriiood of the line ; 3, the natural features of the 
country, between the points of arrival and departure, as regards 
ihcir adaptation to the proposed comnniinicalion. 

As the jast point alone cornea exclusively within the province 
of the engineer's an, and within the limils prescribed to this work, 
I attention will be confined solely to its consideration. 
H 635. Reconnaissance. A thorough exanninalion and study of 
^ the ground by the eye, termed a reconnaissance, ia an indis- 
pcrBable preliminary to any more accurate and minute survey 
by instruments, to aroid loss of time, as by this more rapid ope- 
ration any ground unsuitable for the proposed line will be aa cer- 
tainly detected by a person of som-e experience, as it could be by 
the slow process of an instrumental survey. Before however pro- 
ceeding to make a i'cco(inai3:3ancc, & careful inspection of ihe 
general maps of that portion of the country through which the 
romraunication is to pass, wi)l facilitate, and may considerably 

■ abridge, the labors of the engineer; aa from the natural features 
bud down upon lliem, particulailv the direclion of the wal«r- 
eoursca, be will at once be able to'dttcct those points which wiil 
he favorable, or otherwise, to the general direction selected for 
the line. This will be sufficiently evident when it is considered 
— 1, that the waler-couraes are necesaarily the lowest lines of 
the valleys through which they flow, and tliat ihoir direction must 

klilso be iKal of the Unes of greatest declivity of their respective 
Talleys ; 2, that from the posiyon of the water-courses the position 
■iso of the liieh grounds by which they are separated naturally 
follows, as wefi as the approximate position at least of the ridges, 
or highest lines of the bi^i grounds, which separate their opposite 
slopes, and which are at the same time tlie lines of greatest de- 
clivity common to these slopes, as the water-courses are the cor 
I reeponding lines of the slopes that form the valleys. 
^B Keeping these facts (which are susceptible of rigid malhemati 
^» cal demonstration] in view, it will be practicable, from a careful 
examination of an ordinary general map. if accurately constructed, 
H only to trace, with considerable accuracr, the general direc 
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lion of the ridgea from having that of the water-couraes, bat aLtc 
to detect those depressions in lliem which will he favorable to ihc 
passage of a comm'unication intended to connect two mair or t«'ii 
aecondary valleys. The foUoviring illustrations may serve to place 
this siibJE?ct in a clearer aspect. 

If, for example) it he found that on any portion of a ttiap the 
walcr-couraea seem to diverge from or converge towards one point, 
it will be evident thai the ground in the first case must be the 
coraraon source or supply of the waler-courses, and ihcrcifarc the 
higliest; and jn tlie second case that il is the lowest, and forms 
tlieir common recipient. 

If two waler-courses flow in opposite directions from a common 
point, it will show that tbia is the poinl from which they derive 
(heir common sujiply, at llie head of their rcsj)cclive valleys, and 
that it must be fed by the slopes of high grounds above this point ; 
or, in other words, that the vallcya of llie two water-coursea are 
separated by a ciiain of high grounds, which, at the point where 
it CTqSsgs them, presents a deprCa^ion in its ridge, wliich Would 
be the natural position for a communication connecting ibc two 
valleys. 

If l*Q water -courses flow in the isame direction and parallel to 
each other, il will simply mdicate a general inclination of the 
ridge between them, in tlie same direction as that of the water- 
courses. Tlie ridge, however, may present in its course eleva- 
tions and depressions, which will be indicated by the poinii in 
which the water-courses of the secondary valleys, on euch side 
of il, inlersect each oilier on it ; and these will be the ]on*e9i 
points at which lines of communication, ttirotigh the secondary 
valleys, connecting the main water-courses, would cross the divi- 
ding ridgC. 

If iwo water-courses flow in the same direction, and parallel 
to each oilier, and then at a certain point assume divergent direc- 
tions, it will indicate Uiat tiiis is the lowest point of the ridge be- 
Iweeen them. 

If two Water-courses flow in parallel but Opposite directions, 
depressions in the ridge between them will be shown by the 
meeting of the water-courses of the secondary valJeys on the 
ridge ; or by an approach towards each other, at any point, of 
the two principal water-courees. 

Furnished uith the data obtained from the maps, the character 
Hi the ground should be carefully studied both (vays by the en 
gineer, first from tiie point of dopa.rturc to tliat of arrival, and then 
returning from the latter Lo the former, as without this douhle 
traverse natural features of essential importance might escape 
lie eye. 

636. Surveys. From the resiuhs of the reconnaissance, iha 
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engineer will be able to direct undeietarclingly tiie requisite sur 
rej-B, which consist in nieasiirine the Icngins, detcnnining ihc 
direciioas, and ascorlaining both tno longilutiinal and cross Itjvela 
of the different roulca, or, as tliey are lenncdj trtul lines, witil 
sufficient accuracy lo ?n:iblc him to mako a comparative estimate 
both of ihcir praCticcibility and cost. As ihc expense of making 
tlie requisite surveys ia iisually but a small item compared wilii 
llial oi con Biruc Ling llic communication, no labor ahoulu be, spared 
in niomng every practicable line, aa otherwise natural features 
mighl b* ovGrlookpdwiilcb might have an important influence on 
the cost of construction. 

637. Map and Memoir. The resiills of the surveys are ac- 
curately embodied in a map exhibttiii^ minutely the lopographica! 
features and sections of the different trial lines, and in a memoir 
which should coutain a parlieiiJar description of those features of 
the ground that cannot be shown on a map, with all such itifor- 
mation on other points that may be regarded as favorable, of 
otherwise, to the proposed communication ; as, for example, the 
nature of the soil, tttat of the water-courses met with, &c., &c. 

638. Location of common Roads. In selecting among the 
different Irial-bnes of the survey the one raoal suitable to a com- 
mon road, llie cn^'ineer is less rcslrictcd, from the nature of the 
conveyance used, than in any other kijid of coramunicatioii. The 
main pomisio which his attention should bo confined are — t, to 
connect ibe poiuls of arrival and departure by the most direct, or 
shortest line; 2, to nvoid unnecessary ascents and descents, or, 
ill other words, to reduce the ascents and descents to the smallest 
praciicable hmil; 3, to adopt such suitable slopes, or gradients, 
for the aai^, or centre line of the road, as the nature of the con- 
vevance maydemand; 4, to give the axis such a position, with re- 
paid to the surface of die ground and the naluial obHlacies to be 
overcome, that tlie cost of construction for the excavations and 
crabaiikmcnta required by the gradients, and for the bridges and 
other accessories, shall be reduced to the lowest amount. 

639. Deviations from ihe right line drawn on the map, between 
tlie points of arrival and dcparturc^ will be often demanded by the 
oalural features of the ground. In passing the dividing ridges 
of main, or secondary valleys, for example, it wdi frecjucnliy be 
found more advantageous, both for tiic most suitable gradieuie, 
and 10 diminish the amount of escavationi and embamtment, to 
cross the ridge at a lovrer point than the one in which it is JJilcr- 
sectcd by the right line, deviating from the right hue either 
towards ihe head, or upper part of the valley, or towards tls out- 
let, according to the advantages pri-sented by the natural features 
of the ground^ both for reducing itic gradients and tlie amount of 
eicavalion and ejibankment. 



I caber « nnrili, or water-conne, 
! 10 dhMg c the directioit, aToidin^ 
J tbe wtaet-ooiut at a point where tli« 
« of a ^nlg^ or of tiie aiiprachea to il, wQl 
! AiBihe «Bett«liefa h Hioiusected by tiif 
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fliiiw 1 1 &«a tlK *T****** flf the ri^a fine may also be fa- 
fonUe lorlbe potpsae of avaidng tbe intersection of second&rf 
wttar-cnmn ; of gainmg a bener aojl for the roadway ; of gir* j 
iag a beOar eqxpwuc vi Om xorfaOt to tbe Uaand wmd; orvf 
prociiTing better malerialii for the road-coreiu^. 

Bt a (aitfal ctHBfm&Ba of tbe atfrvntuea presented by tbeM 
diffnmt f fcapiiica , ibe cng ine r a wA be cnaoleo lo dedde how ^ 
ibe gcnenl &«ctiae of Ae r^bi Kaa may be departed fwom vrith 
■diatajrlii fill Inrilinn BjcboMOig a more sinuous course the 
Icqgib of tbe KnewiU often not be iauemaedlo aiijTery consider 
able defiee, wbik tbe «*t of «wmtc«oii toay be greatly re- 
duced, either ia ciAaioing motv brorable gradients, or in Icsseninj 
tbe amount of excaTaiion and emfauikment. 

640. Wben tbe points of aniral and d^nrture are upon dif- 
fmtx lerd*, as is usQaUr the case, it wit! seldom be practicable 
to «o*MCl lliein by 4 eontintial ascecl. Th£ moct that Cati be 
done will be 10 crosg tbe drriding ridges at their lowest poinla, 
and to avoid, as &r as pneticable, ibe interaectioo oi eonsiderabitt 
secoodaiy vallevs which nugbt raqoire any considerable ascenCJ 
on one side and desoeot on im oiber. ' 

<M-I. Tbe gradicQts upon coounoa roads will depend upon the 
kind of nM»#Tiiil used for tbe road-coreriog, and upon the siato^ 
is which the road-svrTacc ia kepi- The giBdient m tdl caaefl' 
sbould be less iban ibe mtfrir o/~ rrpose, or of that inclination of^ 
the axis of the road in which the onJin&ry rchicles for transparla 
tiati would remain at a state of rest, or, u ^aced in moUon, would 
ifesceiid by ilie actioa of graiity with unilonn Telocity. 

The gndients corrupotidi&g 10 the angle of repose hav'e been 
asrertained byexperitneDts made upon the rarious road-corerings 
in ordinary use, oy allowing a vehicle lo descend along a road 
of Tahabte inclination until it n-aa hrougbt to a state of ic»t by 
the retarding force of friction ; also, by ascertsiuing tbe amount of 
force, termed ihe/orce oj traction, requisite to put in uiolioa a] 
vehicle wiili a given ioaa on a lerel road. 

The following are the results of expcrimenU made 
Hacneill, in England, to determine the foice of traction 
ton upon levvl roads. 
Wo, 1 , Good ]>aventent, the force of tractioo ia 

*" S. Broken sione surface laid on on old flint road 

•* 3. Gravel road 1 



by Mr. 

for 



one . 



HOkDi, 



B8I 



No. 4. Broken-etont surface on a roagh pavement 

boiiom 46 lbs. 

L " &. Broken-stone surface on a bottom of beton 46 '* 

f From lliis it appears ilial ilic angle uf repose in the first cnse 
uj represenied by jfjn. <"" s'r nearly; and that the slope of 
the mad should Ihertforo not be greater tlian one perpendicular 
to Bixty-eiglit in leiiyth ; or that the beiglil to be oi-ercorae must 
not be grcatGr liian one sixty-eighth of the distance between ihe 
Iwo poiiUs measured along llic road, in order thai the force of 
&iclioa may counteract that of gravity in the direction of the 
road. 

A »i[nilar cajciijalion will ahow that llie angle of repaae in tlie 
other cases will be as follows ; 

No. 2, . . . . 1 to . . .35 neirly. 

"3, . . . 1 to . . 15 " 

" 4 and 5, . . 1 to . . 49 " 

These numbers, which give the angle of repose between j'j 
and If for the kinds of road-covering Nos. S and 4 in moat or- 
dinary use, and corrcH ponding to a road-aurface in good order, 
may be somewhat increased, to from jj lo j'g, for the ordinary 
stale of the surface of a weil-kept road, without tlierc being any 
necessity for applying a brake to the wheels in descending, oi 
going out of a trot ir ascending. The steepest gradient that can 
be allowed on roads w^lh a broken-stone covering is about ;';;, &» 
thist from expenence, is found to be about the angle of repose 
upon roads of this character in {lie sialic in which tliey arc usually 
kept. Upon a road with this inclEJintioii, ri htirsc can draw at a 
walk his usual load for a level without rcquiriug the assistance 
of an extra horse ; and experience has farther shown tliat a horsQ 
at the usual walking pace will attain, with less appwirent fatigue, 
^the sumnut of a gradient of,', in nearly the same tinio that he 
^BVould TQijuire Lo reach the same point on a trot over a gradient 
"of A. 

A road On a dead level, or one with a continued and uniform 

H ascent between the points of arrival and departure, where llipy lie 

Bupon ditferent levels, is not the most favorable tn the draft of the 

liorse. Each of these seema lo falig^uc him more litau a line of 

&iternate ascents and desceJils of slight gradients ; as, for esam- 

>ie, gradients of j^g, upon which a horse will draw as heavy a 

with the same speed as upon a hcrizonlal road. 

The gradients should in all cases be redticed as far as prac- 

'ticable, as the e.\-tra exertion that a horse must jiut forth in ovcr- 

cotning heavy gradients is very considerable; they should as a 

general rule, therefore, be kept as low at least as ^'j. wherever 

luc ground will admit of it. This can generally be effected, even 

u> ascending steep hill-sides, by giving the axis of the road a zig- 
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zag direction, connecting die Biraieht portions of iho zigzag bj 
circuJai £»rc3. The grad cnts of tlio curved portions of the tig- 
zags should he reducuJ, ajid! Uio roadway also at llieae points lia 
widened, for the safely of vcliictca descending rapidly. The 
widlli of the roadway may be increased ahoiil erne fouitb, wbcn 
the ftni,'!.c hetwccn iJie stfalglil porlions of liie zigzags .s from 
120^ to 90° i and the increase should be nearty one naif where 
die iirigl« is from 90° lo 60°. 

642. Having laid down upon the map tlic appraxiina.le locaUOO 
of the axis of the ruad, a coinpirison can then be made bclwcen 
Uie ijoiiid contents of tJic tisc-nvalions and eiiil>ankp'){^nts. nhich 
uboiild be so adjusicd that <hey shall balance each odicr, or, ui 
ullicT wordis, lilt iieccseary excavations shall furnish sufficieat 

rtli tu form lilt cniliankmenLa. To effect ihia, il will frcqueolly 
necessary lo alter Uie first location, hy shifting tlie position (a 
the aus lo tiiu nghl or left of Uie position Ihrsi a.ssumed, and ales 
by clianging the gradients within the prescribed limits. Thia 
iij a prohlcni of very coneiderablo intricacy, whose solution can 
only be arrived al by successive appro sinimions. For this pur- 
pose. l3ie line must be sulxlivided into eevoral portions, in each 
of wJiich ibe equalization should be atlenipled independeiiUy of 
the n;s[^ instead of trying a general equalization for the w-bole 
line al once. 

In dje calculations of solid contents rc(|uircd in balancing the 
escavationg and einbanknienls, ihc most accurate method consists 
in aubdividiiijr die different solids mio otliera of llic most sii»pl« 
geoinetrica] fonus, as prisms, prisiuoids, wedges, and pyramids, 
wlioae solidities are roadily determined by llie ordinary rules fw 
the mcnsitnilion of solids. As this process, however, is frequently 
long aud tedious, other inelliods requiring less time bul not so 
Hccuralc, arc generally preferred, as their results give an approx- 
iaialion sufficiently near the true for most practical purpose*. 
They consist m taking a, nutiiber of equidistant profiles, and csl- 
culatiiig the solid contents between each pair, cither by muUiply- 
i«g the half sum of their arcaa by the distance between iheiu, or 
else by taking the profile at the middle point bL-lweeii each pair, 
.ind multiplying ita area by the same lenglli aa before. Chv 
latter raethwl is the niorc expeditious; it gives less Uiaii Uic biie 
solid contents, bul a nearer approximation than the former, which 
tfives more than the true so'hd conlenla, whatever maybe the 
form of the ground between each pair of cross profiles. 

fn calculating die solid eontciita, allowance must be made fof 
the difference in bulk between the difTcrciit kinds of earth when 
occupymg their natural bed and when madle into einbaidaiiem 
From some carefiil expciiiiienls on diis point made by Mr. Llwood 
MtuTiB, a civil enguieer^ and pubbalied in the FrankUn Joumai 
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ii appears ihal liglu sandy cartli occupies llie same spiice both in 
excavation and cmbankmenl ; clayoy earlli about one tonlh lesa 
in cmbiuiknicnt than in it^ n.ittira! bed ; grareljy earth also aboul 
one twelfth lesa ; rock in large fragini?nts aboul iive twelfths 
more, gnd in small fra^nonls aboul six tontJia more. 

043. Another problem connected with the: one in question, is 
thai of deierniiniiig ihe lead, or the mean dJslance lo which the 
earth taken from ihe excavations must be carried to form the 
^mbnnkinents. From ihe manner in wliich tlie earth is usually 
Ir^nsporicd from \hc one lo the otherf this distance ia usually that 
between the centre of grayily of llie solid of excavation and 
that of its corresponding emoankmenl. Whatever diajKiBitioii 
may be made of the solids of excavatinn, it is inipo-rtaiil, so far 
as the cost of their removal ia concerned, that the lead shoulil be 
the least possible. The eolutjoti of the problem under this point 
of view wil! frequently be extremely inliicale, and demand the 
application of all ibe resources of the higher analysis. One gen- 
eral pnncipli; however ia to be observed in ail cases, in order to 
ubtani an appfoxtinate solution, which is. that in the removal of 
f die differtnt portions of the solid of excavation lo ibeir corre- 
^Kaponding positions on thai of the cmbankmenl, ihu paths passed 
^pover bv llieir respective centres of gravily shall not cross each 
other cither ui a horizontal, or vertical direction. This may in 
g^niost caaes be effected by intersecting tlie solids of eicavalioa 
^pilQd cinbsiJuneitt by vertical ptancs in the dircclion of the re- 
^^moval, and by removing the partial solids between the planea 
within llie boundaries marked out by thorn. 

t644. The definitive focation having been settled by again going 
Over the line, and comparing tlie features of the ground with the 
results furniahcd by the preceding operations, general and de- 
^ tailed maps of the different divisions of the dcfiniuve location arc 
^Hrepared^ which should give, with the utmost accuracy, the lon- 
^B^tudinal and cross sections of the natural ground, and of (he ei- 
^Bcavations and ctnbankmenls, with the horizontal and vortical 
' mcasuretiienta carefully Written Upon them, so ihat the superin- 
(cndint; engineer may nave no difficulty in setting out tlie work 
from tliem on the ground. 

In addition to these maps, which are mainly intended lo guide 

the engineer in regulaiing the eanh-work, detailed drawings of the 

^^.road-covcring, of the masonry and carpentry of the bridges, cul- 

^■verts, 6cc., accompanied by written spccilications of the manner 

"in which the various kind of work is to be performed, should be 

^ prepared for the guidance both of the engineer and workmen. 

»64b. Wiib the data furnished by the maps and drawings, the 
fenginecr cnn proceed lo sel out ibe line on the ground. Thfl 
uii of tJie ro^ is dctennincd by placing stout slakes, or picket^ 
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at equal intervals a]Hrt, whicli are nunibered lo corre^poDii wiafc 
tlie same poiiiU on ihc map. Tlic widlh of llie roadway and ihe 
lines on ilie ground corrcaponding lo ibc side slopes of th« eica- 
vaUoria and enilMinkioerUa, are laid out in the same manner, by 
stakes placcH along the lines of the cross profiiea. 

Besides ihe iiurubers raarked on llie stakes, to indicate thcii 
posiliyn On the tnap, oliier numbers, showing the depili of (he 
cxcavalions, or tlic tieighl of tlie emljanJunenlB from Uie surface 
of tlic ground, accompanied by the lellens Cut. Fill, lo indicate a 
vuiiing, or &ftllin^y as the case mav be, are also addc<l lo guide 
ihe workmen in their operations. The positions of the stakes on 
(he ground, which show the priticipal pouita of liic aus of the 
road, should, moreover, be laid down on the map with great ac- 
curacy, by ascertaining their bcariags and distances from any fised 
and marked objects in their viciiiiiy, ui order tliat ibe point* may 
be readily found should lUe slakes be subsequenlly misplaced. 

646. Earth-wfyrk. This term is applied lo whatever relates to 
llic con's iructl on of the excavations and embankments, lo prepare 
them for receiving the road-covering. 

647. In forming the cicavalions, the inclination of ifae side 
alopcs demands peculiar atieniicm. This inclination will depend 
on the nature of the soil, and ihc action of the atmosphere and 
internal moisiiire upon it. In common soils, as ordJuary garden 
earth formed of a mixture of clay and sand, compact clay, and 
compact sitony soiJa, alliiougb ifie side- alopes would willislaiui 
Terj well the elTects of tlie weatiier with a crealer inclination, it 
is best to give them two base to one perpendicular; as the sur- 
face of the roadway will, by tbia arrangement, bo well exposed 
to the action of the sun and air, which will cause a rapid evapo* 
ration of tlic maislure on the surface. Pure Sand and gravel may 
require a greater slope, according to circumstances. In alt case» 
where Uie depth of tbe excavation is great, the base of the slope 
sLvuld be increased. It ia not usual lo use any arliticial means 
lo protect the surface of the side slopes from the action of the 
weather ; but il is a precaution wliicb. in the end, will Save much 
labor and expense in keeping the roadway in good order. Tbe 
simplest means which cn.n oe used for ihis purpose, consist in cov- 
ering the «iopc« With good sods, (Fig. 149,) or else with a Uyer 

Fit. H»— CriMB aecUoD irf a nmA 

m pti^avBtioti. 
A, rootl^urface. 
11. oAe aJopei. 
C, iDp Bur(so«-(lnia. 

of vegetable mould about four inches thick, carefiiUy laid aad 
wwn with grass seed. The&e means will be amply sufficient to 
fwoiect Uie side slopes from injury when they are not exposed to 
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4ny other cauaea of delerioralton tlian ihe wash of lli« rain, and 

the acikin of frost on llie onlinary moisture retained hy ihe soil. 

The side slopes if>t(n tisiially an unbroken siirfntrc from ihe 
foot to ttie lop. But in deep excavations, aJid panicularly in soils 
liable to slips, they are somelimes? formed willi hortzonta! offsf is. 
Icrmcd beuckcs^ which are made a few feet wide find have a c! ilcii 
on the inner side to receive the surface-water from ihe portion uf 
the side abpe above ihem. These benches catf^h and retain iho 
earth that may fall from ihc portion of the side slope aliove. 

When the side slopes are not protected, it will be well, in lo- 
calities where stone is plenty, to raise a small wall of dry- atone 
at the fool of the slopes, to prevent the wash of tlie slopes from 
being earned into the roadway. 

A covering of brush wood, or a thatch of sliaw, may also be 
tiaed witli good effect ; "but, frorn Uieir perishable naiure, they 
will require frequent renewal and repairs. 

In excavations through solid rock, which does not disintegrate 
on eiposurc to the atniosphere, the side slojies might be made 
peipendicuiar ; but as llus would exclude, in a great degree, the 
actioji of llic eun and air, wiiich is essential lo keeping the road- 
Burface dry and in good order, it will be necessary lo make the 
side slopes with an inclination, Varying from one base lo one 
perpendicular, lo one base lo two p<irpendicular, or even grcalcr, 
according to ihe locality; the inclination of the slope on the 
south side in northern latitudes being greatest, lo expose belter 
the road-surface lo the sun's rays. 

The slaty rocks generally decompose rapidly on the surface, 
when exposed lo moisture and the action of frost. The side 
lopes in rocka of this character may be cut into 8l*ps, (Fig. 150,) 




be covered by a layer of vegetable mould sown in grass 
seed, or else the earih may be sodded in the usual way. 

648. The stratified soils and rocks, in which ihe sirala have a 
dip, or inclination to the horizon, are liable lo shjts; or to give 
way by one slralum becoming detached and gliding on another 
which is caused either from the action of frosl, or from the pre.s- 
sure of water, whichinstnuatea itself between the strata. Theworst 
*oila of tikis character are those formed of alternate strata of clay 
and sand ; particularly if the clay is of a nature to become semi* 
fluid when tni-zed with water. The best preventives that can b« 
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resorted to in tliesc c&fteS', sre to adopt • thorough sysmn ol 
limiiiaze, lu prevent the surface-waicr of the ground mm nn 
DiDg down ine side slopes, ami to cut aS all spnngB which niB 
[Dwards tJw roadway from iho 5)<le nlopea. Iiw surfkce-waio 
may be cm off by means of a single diicli {Tig. 149) made oa 
tlie <i|t-titll side of (be ruaJ, lu catch Uie naler belbfe h readm 
ihc eibjtG of the excavalion, and conrcy it off to the mtoral 
wnlf/r-cimrses most conveiiieiil ; as, in aJraost every case, it wffl 
l>c luuiid that Ui« side- slope on the duwn-litll side i*, coinp«n- 
livclv sjjeuking, but slightly affected by the surface-wstcr. 

\Vhere tfhps occur from the action of springa, it fret^uentlyH 
becomes a very difficult laok to secure the side slope*, il the ' 
sources can be easily reached by ezcaToling into the side siopea, 
drains formed of layers of fascines, or bnish-wood, luay be placed 
to give an ouilei to iJie water, and prevent it« action upon the 
side slopes. The faacines may be covered on tup wiUi good 
9«>ds laid witli the grass side beueslh, and the excavalioci made 
to pbce tlic drain be filled in wilh good e^nh well raxnnicd. 
Drains formed of broken stone, covered in Site manner on top 
wilh a layer of sod to prevent ll^ie drain from becoming choked 
with earth, may be used under tlie same ctrcumsUmces as fascine 
drains. Where the sources arc not isolated, and llie whole mass 
of the 8oi! forniiiig the side s^lopea appears saturated, ihe draioage' 
may be effected by excavating trencnes a few feci wide at inter- 
vals to the depth ol some feel into the side slopes, and fillin, 
litem with brokeji stone, or else a general drain of broken eion 
may be made tliroughool the whole extent of the side alope by 
excavating inlo it. When tliie i* deemed necessary, it will be 
well to arrange the drain tike an inclined rctaintnu-wall, writh 
buiiresscs at intervals projecting into ihe earth farlTier (iian il»o 
general maas of the dram. The front face of the drain should^ in 
this case, also be covered with a layer of sotis with the grass side 
bcnealb, and upon this a layer of good earth should be comparlly 
laid to form die face of the side slopes. The drain need onlv be 
carried high enough above the foot of the side slope to tap all (he 
sources ; and it should be sunk sufficiently below the roadway- 
surface to give it a secure fooling. 

The drajna^e has been effecled, in some caseB, by sinking 
wella or shafts at some distance behind the side slopes, from lh« 
lup surface to ihw level of the bottom of Uie excavation, and lead- 
ing the water which collects in ihcni by pipes into drains at the 
foot of the side slopes. In othera a narrow Lrcnch has been ex- 
cavated, parailcl ly the axis' of liie road, from the top surface, lo 
a sufficient deplli lo tap all the sources which flow towards the 
side slope, and a drain formed either by filling the trench wholly 
Willi broken etonc, or else by arranguig an open conduit at the 
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-bottom lo rtcftive iTie waler collecteii, over which a layer uf 
brushwood is laid, the ri^mniacler of ilii; uench being filleJ will: 
broken slonc. 

In some recent instances in England, t!ie side elopes of very 
bad soils have been secured by a fncifig of Iirirk arranged in a 
manner very similar to Uic meihod rcsortct] lo for securing llie 
perpendicular sides of narrow deep trenches by a limlier- facing. 
^The plan piirsn>id is lo place, at intervale along the excsivntion, 
Hfllron^ buttresses of brick on each aide, opposite to each other. 
and IP connect them at bottom by a reversed arch. Between 
these buttresses are plated, at suitable heights, one or more brick 
beams, formed at bottom with a flat segment arcb, and at top 
witb ti tike inverted arch. The buttresses, secured jn this Way, 
serve as piers for Tertical cylindrical arcbca, which form the 
facijig ana support the pressure of tlie earlli between the but- 
tresses. 

649. In forming the embankments, (Fig. 151,) the side slopes 



Bhould be made with a less inclination than tSiat which the earth 

, nattirally assumes ; for the purpose of giving them greater dura- 

U>i1ity, and lo prevent the width of the lop surface, along which 

'^tlic roiidway is made, from diminishing by every change in the 

side slopes, as it would were they made with the natural slope 

To pPOt'CCl the side slopes more cffeciuaily, they should bo sod 

ded* or sown in grass seed ; and the aurtace-watcr of the Ion 

should not be allowed to nni down them, as it would soon wasli 

thpiii into guHie^, and destroy llie cmbiuikmcul. In locnliLies 

where alone is plenty, a sustaining wall of dry stone may be ad- 

(vatitagcously subelituted for the side slopes. 
To prevEnt. as far as posaibic, the settling which takes place 
in embankments, thoy should be formed with great care; the 
earth being laid in successive layers of about four feet in lliick- 
ness, and eads layer weEl settled with rammers. As this niolliod 
is very expensive, it is Bcldoin resorted to except in works which 
require great care, and are of trifling extent. For cxlenaive 
works, the method usually followed on account of economy, i» 
to embank out from one end, ■;aiTying forwartt the work on a 
level with the lop surface. In this case, as there must he a want 
of compactness in the mass, it would be b£sl to fomitlic outrides 
of the embankment first, and to gradually fill in towards llie cen- 
Ue, in order that Uie earlli may arrange itself in layers Willi a dip 
finun the sid&s inwards; this will in a erea.t measure counteract 
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•■T toadcDCT ta ibps otrtvuri. llie fool of the ilapes wbadii 
be Mcureid by buttmaong diem dtfaer by ■ low stone wraD, « 
by lennme a. tfizht «xcaTBUoci fat Um same buipoee. 

650. When the sns of ibe ra*il«raT i3 uia out oo the tide 
dope of a bill, sod tbe nad-vncbce m tbrmal fMTiIy by ucst*- 
tng and partly by erobanking od, Uie naoaJ and tnosi eonple 
aeibod is lo eiieiid om the erabankmcni giadoaJly alooig the 
wbide line of excaTalian. This melbml is utfC'Ciure, and no p4iM 
ibeiefixe ahoald be spared to give the embankmeDt a good fool* ^t 
w^ on tbe naOual surnce upon which it rests, particulaHv at the V 
fool of the flkipe. For this ptupoM the nataral surface (Fig. 152) 




fihoaJd be cut inlo steps, or offsets, and the foot of the slofM be 
secured by buitreasing il agaiosl a low stone wall, or o small 
lemcc of carefiUij- laramed earth, 

III side-fortnings aJong a natural surface of great incltnati< 
the method of coastructioD just explained will not be eufficieui 
secure ; sustaining-walls must be ^ubstiluled for the si Jc slopes 
boll) of the excavations and cmbankmcntfi. These walls tuay bfj 
made simply of dry stone, when tlie slone can be procured il 
blocks of sufficient size Lo render tliia kiiid of construcUon 
sufficient stability lo resist the pressijre of the earlli. Bat! 
when the blocks of atone do not otlcr this security, they mu 
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A, lilltiifi, 

B. nj>tairiiriir-ini^ of filline. 

C. linDat'Wnll ot euUiag, 

D, parapet-^niJl of ToMfwUi. 



oe laid in tnorlar, (Fig. 153,) and hydraulic mortar is llie cmli 
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JtUid which will form a safe construction. The wall which sup- 
plies the slojie of ihe excavation should be carried up as high afl 
die n.-itural surface of the ground ; the one tliat sustains tli9 etn- 
bankiJient should he built up to the Burfuce of the roadway ; and 
a parapet-wall should he raised upon it, to secure vehicles from 
accidents in deviating fTom ihe line of llie roadway. 

A road may be constructed partly in excavation and partly in 
embiinkrae-nt aiong a rocky ledge, hy blasting the rock, when the 
tncliiiaiion of the natural surface ia not greater than one perpen- 
dicular lo two base ; bm with a greater inclination than lliia, the 
whole should be in excavation. 

651. There arc examples of road constructions, h .ocalitiea 
[like the last, supported on a frame-work, consisting of horizontal 

pieces, which are firmly fixed at one end by being let into holes 
drilled in the rock, and arc sustained at the other by an inclined 
stmt undemeath, which reata against the rock in a ahoulder 
formed to receive il. 

652. When the excavations do not furnish sufficient earth for 
the embankments, it is obtained from excavations, termed side- 
cuttings, made some place in the vicinity of the embankment, 
from which tlie CEirth can he obtained with the roost economy. 

If the escavations furnish more earth than is renuired for the 
enibankmeat, it is depoaiied in what is termed spoil-bartk, on the 
side ofttic excavalion. The spoil-hank sliould be made at some 
distance back from the side slope of the cKCJivalion, and on ihe 
^owu'hill side of the top surface ; and auilable drams should bf 
arranged lo carry off any water that might collect near it and ai 
feet um side slope of the excavation. 

The forms to be given to side-cuttings and spoil-hanks wih 
depend, in a great degree, upon the locality ; they should, as fat 
u practicable, be aucli diat the cost of removal of llic earth ahal' 

oe east possible 

653. Drainage. A syBtem of thorough drainage, by whicn 
Jie water that filters through llie ground will be cut off from the 
■oil beneath the roadway, to a depth of at least three feel below 
"iie bottom of the road-covering, and by which that which falls 
upon l3ie surface will he speedily conveyed off, before il can filter 
through the road-covering, is essential to the good condiuon of a 

road. 

The surface-water is conveyed off by givmg the surface of the 
roadway a slight transverse convexity, from ihc middle to the 
tides, where llie water is received into the gutters, or side chuv- 
nels, from which ilia conveyed by underground aqueducts, icrrned 
OilvcTia, hudt of atone or brick and usually arched at top. mto 
he raam drains that communicate with the natural water-courae*. 
ThU convexity is regulated by making the figure of the profile 

37 
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an ellipse, of which the scmi-lransYCrse &zifl 14 1^ feel, ajid tbtt 
semi-oonjogate axis 9 inchea; ihua placing tlie middle of the 
roddway nine inches above the boliom of the side channels. Thii 
conYCxily, which is as great as sKouid he giren, will not be suffi 
cieal in a 5al counlry lo keep ihe roiid-surface dry ; and in such 
localilics, if a ali^hl longitudinal slope cantiot be given lo the 
road, it should be raisod, when practicable, three or four ftrei 
ibovc the general level ; both on account of conveying off speedily 
the surface- water, and exposing the surface better to the action 
of the wind. 

To drain the soil beneath the roadway in a level country, 
ditches, temied open side drains, (Fig. 1&4,) are tuade paraUel 



Fi)i, 151— Cnmiecliaa afbrtiketi-atotic i«Bd-eonriaf, 
A, nwl-milatw. 
R. aiilo ctinnueta. 

C. fnptlNith. 

D, covered tltmiu. or culvprti. leailinE from rade 'ChuuMta to tha ride drtiiw 1 

10 the road, and al some feet from it on each side. The bottom 
of tlie side drainB should be at least three feet below the road- 
covering; their si26 will depend on the nature of tiie soil lo be 
drained. In a cultivated counlry the side drains should be on th« 
field side of the fences. 

As open drains would be soon filled along the parts of a road 

^n eicavatio'n, by the wastiings from the aide slopes, covered 

drains, buiU eillicr of brick or stone, must be suhatituted for 

them. These drains (Fig. 155) consist simply of a flooring of 
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fla^ng alone, or of bricK, with Iwo side walla of rubble, or brick 
masonry, which suppori a Inp covering of flat stones, or of brick, 
Willi open joints, of about half an inch, to give a free passa^ 
way to the ivaler inlo the drain. The top is covered wiln a layer 
of straw or brushwood ; and clean gravel, or broken stone, in 
imrill fragJticn la, is laid over this, for the purpose of allowing the 
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water lo filter freely througli lo ilie drain, without carrying with it 
any earth or sediment, wlucb iiiiglil in time accumulate and choke 
it- Tiie widlli and height of covered drains will depend on the 
mnterials of which they are bui!i, and tie quantity of water tti 
which they yield a passage. 

Besides tlie longitudinal covered drains in cuttings, other drains 
are made under Uie roadway which, from their form, are termed 
cross milre drains. Their plan is in shape like the letter V, die 
anguW point being at the centre of t4ie road, and pointing In U)e 
direction, of its ascent. The angle should be so regulated that 
llic boltoin of the drain shall not haTe a greater slope along either 
of Its branches, than one perpendicular lo one hundred base, lo pre- 
Bcrrc the jnaswiry from ilaraage by the current The ■construe^ 
tioD of mitic diatna is the same tis the covered longitudinal drains. 
They should be placed at intervals of about 30 yards from each 
other 

ffi some cases surface drains, termed catch-water drmnst are 
made on (he side slopes of cullmgs. They are run up obiiqueiy 
along the surface, and empty directly into the crow drains which 
convey the waler inlo the natural Water-courses. 

When the roadway is in side-forming, cross drains of the or- 
dinary form of culverts are made, to convey the water from the 
side channels and the covered drains into the natural water- 
CDtiraea. They should bo of sulTicicnt dimensions lo convey off 
a large volume of water, and to admit a man to pass tlirough 
lEicm so that tticy may be rcaddy cleared out, or even repaired, 
without breaking up the roadway over ihem. 

The only drains required for embankments arc the ordinary 
aide channcb of the roadway, with occasional cuJverta, to convey 
the water from them into the natural water-couiseB. Great care 
«hou!d be taken to prevent the smrface-water from running dowii 
the Bide? slopes, as ihey would soon be washed into gullies by it. 

Very wcl and marshy soils reijuire to be UiOrOUgldy drained 
hefore ihc roadway can be made with safety. The best system 
lliat can be followed in such cases, is lo cut a wide and deep open 
inain-drain on each aide of the road, to convey the water to ihe 
natural water-courses. Covered cross drains should be made al 
Crequeut intcrraU, to drain the &oil tinder llic roadway. They 
should l>e sunk as low as will admit of tlic water running from 
tlicm inlt> the iriein drains., by giving a slight slope to the bouom 
each way from the centre of llic road lo facilitate il^ flow. 

Iiulcpendenlly of the drainage for marshy soils, they will re- 
nuii-c, when the subsoil is of a spongy, cliiBlic nature, an arli6cial 
bed for the road-covering- This bed may, in some cuscg, be 
lonned by simply removing liie upper stratum to a depth of sev- 
cral feet, and supplying its place with well-packed gravel, or uiy 
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aotl of a finii clmracter. In ottier cases, when tiie subsoil yields 
readily to the oniinary pressure ihat ihe road-aurfiice muaL bear, 
a bed of brushwood, frnm 9 to 18 inches in thickness, must be 
farmed to receive the soil OQ which the road-covcring is to rest. 
The brUHhwood should be carefully selected fmin the long sLraiglit 
slender shoots of the branches or iiEider^owlh, and be lied up in 
bundles, iGi med /liscines, from 9 to 12 inches in diameter, and 
from 1 to 20 feet long. The faacines are laid in allemale layers 
croBSwisc and Icn^tliwiaa, and tlie layers are eitJier connected by 
picltels, or else tlie wiihes, witli which llie fascines are boiina, 
&ie cut to allow the bruehwood to fomi a uniform and cooiput 
bed. 

This method of securing a good bed for struciurefl on a weak 
wet »oii has been long practised in Holluid, and expcnence liai 
fully tested its excellence. 

654. Road-coveritigs. Tlve object of a road-covering being 
to diminiBh the resislances arising from collision and friction, 
and tliereby to reduce the force of traction to the \easl prsc- 
ticabk' amount, it eliould he composed of hard and durable ma- 
terials, laid on a firm foundation, and present a uniform even 
niiface. 

The material in ordinary use forToad-coverings is stone, eitbei 
In tltc shape of blocks of a regular form, of of large round peb- 
bles, termed ^ pavement; or broken mto small angular masses; 
or III Uie fonn of gravel. 

(w5. Pavcrnents. The pavements in moat general use in our 
couiiiry are coiisttucled of rounded pebbles, known as paving 
MnUt Varying frota 3 to 8 inches lU diameter, which are set in a 
Jorm, or l>ed of clean sand or grarel, a foot or two in ihickuess, 
whicli is laid upon the uatviral soil excavated to receive the form. 
The Wge»l skuies are placed in the cculre of the roadway. The 
sloucB arc carefully set in the form, in close contact witk each 
other, uihI ore then fimily settled by « heavy rammer until their 
lOpB are cicn with the general sumce of the roadway, which 
«bouId be of a shgbtly convex shape, having a slope of about x'j 
fnitn tlic centre each way to the sides. After the stones are 
driven, the road-suiface is covered with a layer of clean sand, or 
hue grarul. two or ihn-c iucjies in ihicknees,. winch is gtndually 
worked in bctweeu the stones by the ctanbLDed action of the 
mvcl act the pavement and of ibc weather. 

The defects of j>cbble pavements are obvious, aiMl confirmed 
by eapertence. 'ni« form of usd ot gtatel, a» usually i&aii«, is 
not mifficHDlly firm i It should be made in aeparate layers of 
•bout 4 iiichMiMch layer being moistened and well settl^ eitb«r 
by lamoung, at fa»»an^ a heavr roller over it. Vfoa. the fwm 
p(«|>ai«d in this way a laj'ei' of loose material at tvo or tfane 
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mdies in thickness may b^e placed, !□ T&ceive tlic ends of tJie 

fi&ving stones. From Uie form of lliG pclililcs, liie resistaiirfi lo 
tnciion arising from collision aiid friclion is very great. 

Pavements termed stone tramwoi/s liiivc been tried in some of 
the cities of Eurojje, both for li^dii and heavy traffic. Tlicy are 
formed by laying two lines uf long stone blocks for tiie M'liecls lo 
Tun on, with a pavement of piiljble for the liorsc-track between 
the wbeel-tracka. In crowded thorongbf^res tramways offer bill 
few if any advantages, as il is iiiipract]cable lo confine the vehicles 
lo ihem, and when exposed to heavy irnffic ihey wear into nils. 
The stone blocks should be carefully laid on a very hrm bottoming, 
and particular attention is requisite lo prevent ruU from forming 
betwe>en (he blocks and the pebble pavemcat. 

Stone Builable for paveincnls should be hard and lough, and 

It wear sniaoth under the action lo which il is esposed. Some 

Bties of gTBiiilc have been found in England lo fiimisb the 

81 paving blocks. In France, a very fine-grained compact gray 
sandstone of & bluish Ca^l ia mostly m use for the sainu ptirpOsC, 
but it wears quite smooth. 

The sand used for forma should be clean and free from peb- 
bles and gravel of a larger grain than about two Iciilhs of an inch. 
The form should be made bv moistening ihe sand, and com,- 
pressing il in layers of about four inches tn ihicktiess, either by 
Tamming, or by passing over each layer several limes a heavy 
iron roller. Upon the top layer about an inch of loose sand may 
be s.prei!Ld to receive the blocks; the joints between which, after 
they arc placed, should be carefully filled with sand. 

The Sand form, when carefully made, preaenta a very firm and 
stable foundation for the pavement. 

Wooden pavements, formed of blocks of wowl of various 
Bhapea, have been Iricd ie England and several of our cities 
wittiin the last few years, but are now for llic most pari aban- 
doned, as the material has been found to decay very rapidly. 
even when prepared with some of the preservatives of timber 
igainsl the ra|. 

Asplialtic pavementa have undergone a hkc trial, and have alao 
been found to fail after a few years Bcrvice. This material ia 
&rther objectionable as a pav&ment in cities where the pare- 
meats and sidewalks have frequenlly to be disturbed for the 
purpoBe? of repairing, or laying down sowers, waigr-pipes, and 
other necessary conveniences for a city. 

The best Bystem uf pavement is (hat which has be.en partially 
put in practice in some of the commerrial cities of England, the 
jlea ofwbich seems lo have been taken from the exceJlcnl mili- 
tary roads of the Romans, vestiges of whjth remain at the present 
day in a good state. 
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656, Broken-stone road-coveting. The onljnarv jfoad-etwef 
iiig for common ruadG, ill use in this country an<l Europe, ii 
foniLcd of a coating uf stone broken ieiIo aniii!! fragint-nls, wliich 
is laid «it)ici upon the nalural soil, ur titmn a psved bottoming 
of Binall iiregulcLT blocks of stone. In Eii^kud Uit^t^c iwo syMcma 
have ihcir respective partisniis; the oiie rlnjiniiig the supnriontv 
for road-covcrings of slomi brokc^n into small fragiucnts, a luclliixj 
brought into vogue some years since by Mr. McAdani, froiu wJjoiii 
these roads have been termed macadajmsnd ; llio other being the 
plan pursued by Mr. Tdford \i\ tlic great national roads ccn- 
Btructed in (ireat Britain williiti about the same period. 

The subject uf road-making Jioa widiin ttic laat few years ei- 
cited renewed inlcresi and discussion among engineers in France ; 
the conclusion, drawn from experience,, there generally adopted 
is, tlinl a covering alone of stone broken into small fragments is 
suiGcicnt under the iieaviest traJfic and most frequento-tl roads. 
Some of the French engineers recommend, in vciy yielding 
clayey soils, that cither a paved bottoming after Telford's methoa 
be resoned to, or that tb^ »ot| be well compressed at the silT&M 
before placing the road-covering. 

The paved bottom road-covering on Telford's plan (Fig. 156) 
is formeii by escavaling the surface of the ground to a suit«blc 
deptl), and prepiiring llic larni for tho pavenitint willi the jixccau* 
tions as for a cominun pavement. Liocks of stone of un irregtt- 
lar pyramidal shape arc selected for the pavement, which, for i 
routiway 30 feet in width, shnuld be seven inclivs ihiiJi for the 
centre of the road, and llirce inches thick at the sides. The base 
of cac:h block should not measure more than tive inches, ajod lliA 
lop not Iciia than four inches. 

The blocks are set by the hand, with great cme, as closely in 
contact nt their bases as practicable; and blocks of a suiIaMo 
aize arc selected to give the surface of ibe pavement a slightly 
coiiVL'X shape from the centre outwards. Tlie spaces between 
llic blocks are fiiled with chippiiiga of slone coiiipaclly set with 
a small hammer. 

A layer of broken slouc, four inches thick, is laid over ihis 

f lavement, for a width of nine feet on each side of tlic ctnirc ; do 
ragnicnt of this layer should measure over two and a half inches | 
in any direction, .V layer of broken stone of amulEcr dimensions, ■ 
or of clean coarse gravel,, is spread over the wings to iJie aamei 
iepth as the centre layer. 

The road -covering, thus prepared, is thrown open to vehicles' 
until the upper layer has become perfectly coiupact ; care having 
been liikcn lo fill in the rule with fresh stone, in order to obiaiii 
» uniform surface. A second layer, about iwo inches in depth, 
S then laid Over the centre of tlic roadway ^ and the wio^ i 
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ceive also a layer of new material laid on to a sufficient lliicknesi 
to make the ouisidc of tli& roadway nine inches tower iliaii the 
centre, by giving a slight convexity to the surface from the centre 
outwards. A coating of clean coarse gravel, one inch and a half 
thick, termed a iindtng, is spread over the surface, and the road- 

• covering is then ready lo be tliroivn open to travelling. 
The Blone used for the pavement may be of an inferior quality, 
in hardness and strength, lo that placed at the surface, as it is bin 
little exposed to the wear and tear occasioned by travelling. The 
surface-stone should be of the hardest kind that can bo procured. 
The gravel binding is laid over llie surface to facilitate the traw- 
elling. whilst the uader stratum of stone is still loose ; il is, how- 
cifcr, bunful, as, by working in between the broken stonea, it 

Srcvenla them from setting as compactly as they would otherwise 
0. 

ff tlie roadway cannot be paved the entire width, il should, 
at least, receive a pavement for the width of nine feet on each 
side of the centre. The wings, in this case, may be formed 
entirely of clean gi'avej, or of chippinirB of stone. 

For roads wiiich are not much iravelled, like the ordinary ctohb 
roads of tlie country, the pavenipul will not demand so much 
tare ; but may be made of any sloiie at hand, broken into frag- 
menls of such dimensions that no stone shall weigh over four 
pounds. The surface-coating may be formed in the manner juat 
deacribed. 

657. In forming a road-covering of broken stone alone, the 
bed for the coveriiig is arranged in tlic same manner as for the 

t paved bottoming : a layer of ihe stone, four inches in llncknesa, 
IS carefully spread over the bed, and the road is tlirown open to 
Teliicles, care being taken to iill the ruls, and preserve the sur- 
face in a uniform stale until the layer has become compact; 
euccessive laTsrs are laid on and treated in the same manner as 
the firal, until ihe covering has received a thickness of about 
twelve inches in the centip, with the ordinary convexity at ihe 

tBurface. 
658. Wliere good gravel can be procured the road-covsring 
may be made ot tiiis material, which should be well screened, 

• and all pebbles found in it over two and a half inches in diame* 
ler should be broken into frasTncnts of not greater dimcnaioHB 
•han Uiese, A firm level form naving been prepared, a layer of 
gravel, four incites in tbiekncns, is laid on, and, when this has 
become compact from the travel, successive layers of about three 
inches in thickness arc laid on and treated like the first, until the 
e&vering baa received a thickness of sixteen inches in the centre 
4iid the ordinary convexity. 

659. As has been already stated, the French civil engineem 
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do not regard a paved boUoming as eseeDtial for brokeu-slow 
road-coYc rings, except in cases of a very heavy traffic, or whcrf 
Uie gubalratum of llae road is of a verj' yielding clisracter 
Tliey also give less ihicknes^ to the road-covering liian ihe 
English engineers of Telford's Reboot deem necessary; allowing 
iit>t more Ulan six to eigbl inches lo road-co?erinci for light 
traffic, arid about ten inches only for ttic heaviest trerac. 

660, If ihc soil upon which the road-covering is to he placed 
19 not dry and firm, iliey compress it by rolling, wliicli is done 
hy passing over it several times an iron cyhndcr, about six feet 
in diaiijelcr. and foUr fed in Iciigtii, the weight of which can be 
incrt^ascd, by additional weights, froai six thousand to about 
twenty thousand pounds. The road malerial is placed upon lh« 
bed, when Vfe[\ compressed and levelled, in layers of about toiu 
inches, each layer being compressed by passing the cylindci 
iBcvcraJ tjnieu over it before a ncv^' one is laid on. If ihc opent- 
tioii of rolling is performed in dry weather, the layer of stone Is 
watered, and some add s thin layer of clean sand, from four to 
eight leridia of an inch in ihickncsa, over each layer before it a 
rolled, for tlie purpose of cunsolidaling Uie surface of the layer, 
by filling tiie voids between the brcken-atone fragments. Afl«t 
the Hurtace has been well consolidated by rolling, the road is 
thrown opeti for travel, and all ruts and other displaccmeul of 
the alone on the surface arc carefully repaired, by adding &esh 
material, and levelling the ridges by rainming. 

(■rcat impurtaiicc is allaclied by tlic French engineers to tb« 
use of tlie iron cylinder for compressing the materials of a new 
road, and to minute allenlion [o daily repairs, It is slated that 
by the use of the cylinder the road is presented at once in a 
good travelling condition ; the wear of the maleriala is less tliaa 
by the old method of gradually consolidating ihcm by tlic travel; 
the cost of repairs during the first years is diminished ; it gives 
to ihe roitd-covcring a more uniform thickness, and admits of jta 
being Lhinner than in tlie usual inctliod. 

Gii 1 . Materials and Repfiirs. I'be materials for broken-stone 
roads should be hard und durable. For the bottom layer a soft 
atone, or a miiUire of hard and soft may be used, but on the 
eurface none but the hardest stone will withstand ihe aciiwi of 
the wheels. The stone should be carefully broken into b^- 
ments of nearly as cubical a form as practicable, and be cleansed 
from dirt mid of all very small fragments. The broken stone S 
should he kept in depots at couvcment points along the line of fl 
the road for repairs. 

Too grea.1 allcntiun cannot be bestowed upon keeping the 
road-surf-Hce free from an accumulation of rnud and even of dust. 
It should be constantly cleaned by scraping and sweeping. Tt« 
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repairs should be daily made by adding fre^K material upon all 
points where holluws or nils commenco lo form. It is recom- 
mencted by some tliat when fresh material is added, the surface 
on vfhkh A is Spread should be broken with a pick to the depth 
of half an inch to an inch, and the fresh material be well settled 
bv ramniiog, a small quaiUilv of clean sand being added lo inuke 
ific stone pack better- When not daily repaired by pursoria 
wh'itie sole business it is lo keep the road in good order, genera' 
repairs should be made in the months of October and April, 
by removiiLg all accumutatiuns of mud, cleaning oul the side 
cnannels and other draiiis, and adding fresh material wher« re- 
quisite. 

l*he importance of keeping the road-aurface at all times free 
from an accum.ulalion of raud and dust, and of preserving ihe 
surface in a iiniforra slate of evenness, by the daily addition of 
fresh raatcrial wherever the wear is sulScient lo call for h, can- 
not be too strongly insisted upon. Without this conaiant aupcr- 
vision, llie beat constructed road will, in a short lime, be unfit 
for travel, and with it the weakest may at all Limes be kept in a 
tolerably fair stale. 

06S. Cross dimensions of roads. A road tliirty feet in widtli 
is auiply sufficient for the carriage-way of the mosl frequented 
ih or ougn fares between ciliea, A width of forty, or even sixty 
feet, may be eiTBn near cities, where the greater part of the 
transportation is effected by land. For cross roads, and others 
of minor importance, the width may be reduced according to the 

I nature of the case. The width should be at least sufficient to 
allow iwo of the ordinary carriages of the country lo pass each 
other with safety. In all cases, it should be borne ui nund, that 
any tinnecessary widUi increases bolli the first cost of conatruc- 
tioii, and the e:(pense of atiiiuai rcpairdr 

I Very wide roads have, in sonic cases, been used, the centre 
part only receiving a road-covering, and the wings, termed sum- 
mer roads, being formed on the natural aurface of the subsoil. 
The objeci of this system is to reUeve tlie road-covering from 
<lli« wear and tear occasioned by the lighter kind of veliiclej du- 
ring the summer, as the wings present a more pleasant surface 
for travelling in that season. BuL lilde is gained by this system 
under this point of vicwj and il has the inconvenience of form- 
ing during the winter a large quantity of mud which is very in* 

I jurious lo the road-covenng. 

There should be at least one fool-path, from five lo six feet 
wide, and not more than nine inches higher llian the bottom of 
the side channels, The surface of ihc foot-path should have a 
pitch of two inches, towards ihe side channels, lo convey iU 
wrfacc water into them. When iJie natural soil is lirm aud 
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sandy, or gravelly, its surface will senre for the fool-path ; bd 
in other cases the natural soil must be thrown oat to a depth cf 
six inches, and the excavation be filled with fine clean grsTd. 

To prevent the foot-path from being damaged by the cnrreti 
of water in the side channels, its side slope, next to the side 
channel, must be protected by a &cing of Rood sods, or of dij 
stone. 

As it is of the iirst importance, in keeping the road-way in a 

food travelling state, that its surface should be kept dij. it v31 
e necessaiy to remove from it, as far as practicable, au ol^ecti 
that might obstruct the action of the wtnid and the snn on ill 
surface. Fences and hedges along the road should not be higher 
than five feet ; and no trees should be suffered to stand <m tho 
load-side of the side drains, for independently of nht^'mg tb 
road-way, their roots would in time throw up the road-coT 
ering. 
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663. Tbb great resistance offered to the force of traction an 
common roada, where tlie traffic is of a heavy character, natu- 
nlly BUggesled ihc idea of trying other means, which would 
afford a more even aiid durable Irack for tho wheels ihan ihe 
road-covenngs in ordiuary use. Various methods have been re- 
torted (o, with greater or less success, to accomplish this object; 
in some instances tracks have been fomied of long narrow stone 
blocks ; in others, heavy beams of timber, covered on the buj- 
fece with sheet iron to protect them from wear, have been used ; 
and finally, both Uie stone and wooden ways were replaced by 
iron platea and bare, and that system of road-covering, now so 
well known as the railway, or railroad, has been the result. 

For these succeasivc stages of improvement, by which, in the 
short period of less than a quaner ot a century, so great a revo- 
lution has been made both in the speed and the amount of trans- 
portation on Land, by means which bid fair to supersede every 
other, the civilized world is indebted to England, in whose mi- 
Qiag districts the railway system first sprung up. 

664. A railwatf> or railroad^ is a track for the wheels of ve- 
hicles to ran on, which is formed of iron bars placed in two 
parallel lines and resting on firm aupporls. 

6fi5. Rails. The iroaways first laid down, and termed tram- 
vxtya, were made of narrow iron platce, cast in sliort Jengths, 
wiUi an upriglit ilanch on llie exterior to confine the wheel within 
the track. The plates were found to be deficient in strength, 
and were replaced by olliera to which a vertical rib was added 
under die plate. This rib was of uniform breadth, and of the 
ahape of a semi-cllipae in elevation. This form of tramway, 
although superior in strength to the first, was still found not to 
work well, as the mud which accumulated between the flanch 
and ihe surface of the plate presented a considerable resistance 
to the force of traction. To obviate this defect, iron bars of a 
aemi-elLptical shape in elevalioui which received the name of 

Fie. 15T — Reprefienlfl a cnwft Hwticn a, ^f tlin lidh-bet- 
ij«ij rail of Itie Livarpnol oud Manciifulci Kalln'aj, 
ftuJ tlifl molftod JD ^phicL d jp prctlf^'it ici ilj* cliiUf. 
TJiD ruii is tiiirncd wjiJi a aliiiiil iiniiM;ii«ii al tiol- 
iDm, willed Ills inlo u Co[^'>|«llI[flll|I nol^li in Uia 
Bi<l« or (hp cli«lr b. An iron woJii- c » iiuorted 
icilD n notcli oa Ihe- oppaiUn i'uie ot the eliait, imiJ 
cocrluoa Uio rail in iU place. 

edge mils, were substituted for the plates of the tramway. The 
croBb sections of these rails were of the form shown in Fig. 157i 
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the top eiirface being slightly convex, and sufficiently broad la 
preserve ilie lire of the wheel from wearing unevenly. Tlii 
change in the foni) of the rail inlxixluced a corresponding one u 
the tirca of the wheels, which were niade with a flanch on iImI 
interior lo confine them wiUiin the rails of t}ie track. 

Tbc cast-iron edge-rail was found upon trial to be subject UrJ 
many defects, arising from the nature of the matennl. As :' 
waa necessary to cast the rails in ^hort lengths of thnre or fou 
feet, ihe uacit presented a number of joints, which rendered : 
exlt^meiy difficult to pr&sen-e a uniform surface. The 
were found to break readily, and the surface upon which ihfr] 
wheels ran wore unevenly. These imperfections fenally Jed W 
the subsiiiuiion of wroughi-iron for cast-iron. 

6t)6. The wrougk-iron rails first brought into use received 
nearly ihc same shape in crosd section and clcvatic>n ax the cas^ 
iron rail. Tliey were formed by rolling tliem out in a rolling 
miJl so arranged. a:s lo give l!ie rail its proper shape- The lengUi^ 
of the rail was usually hftccn feeE, the bottooi of it (Fig. I38|j|fl 



Fip. ]S9— Rppre«entB a nde eleTxtktu of apo^ 

iian of a (Uh-belliwl r^il. 



presenting an undulating outline so disposed as to give the rail a 
bearing point on supports placed three feet apart between thci 
centres. This form, known as ifie Jish-bdly rail, was adopn 
as presenting the srealest strength for the same amount of metaii 
It lias been found on trial to be liabEe lo sonic incoiivcniencei^ 
The rails break at about nine inches from the supports, or one 
fourth of the distance between the bearing points, and fjoim the 
curved form of the bottom of the rail they do not admit of being 
supported throughout their length. 

067. The form of rail at present in most general use is 
known by the name of the parallel, or slTaight rail, the top aal 
bottom of llie rail being parallel ; or aa tlic T, or H rail, ftoia ihfi 
form of the cross section. 

A variety of forma of cross section are to be met with in th^^ 
parallel rait. The more usual form is that (Fig. 159) in whicyl 

flR. isn— RepraaunU s eras no- 

Itaa a ^it a pAtM^ rvil of th* 
forni grcLpralir ad<H>to(l ialtmUj 
t^urcfl. 'Hie nil ■• confitiBiI ■ 
iUc'hnir A liy iwa nroodcQ kf ;* c 
on viti;h fiiijp. which an (atmtd 
ol' hanl coinpnoMtl wood. ^ 



the top is shaped like the same part in the fish-belly rail, the 
bottom being widened out to give the rail a more stable seat lutj 
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lU supports. Ill »oii)c cases the top and bottom are made alike 
lo admit of turning the rail. Tlie greatest deviation from tha 
Uflual form in in tlie rail of the Great Wesleni Railway in Eng- 
land, (Fig. T60.) 

Fig. Ifln — RepreMnli a cross m'ctioii of Ihp rail of lii« 
&*(it W«iil(^rfi UaJlway in Kii^loiiil. 'niiu rail is lait] 
on n conliunoua mp[iart, ddiI ih foBteiieii LO it bf eciewK 
OQ *ac\i Mt ot ttjs TuiJ. A aieev of lun»d fell wh 
inwrleil belwMn IIib Uuso of Incr roil ouili lU ni])poTt. 

Tlie dimcfisiona of the cross section of a rail »liould be such 
thai the deflection in t!ie ccnlfc between any two points of sup- 
pOTl, Ciiiiscd by the heaviest load:4 upon the track, should not be 
BO oreat as lo cause any ■very appreciable increase of roaislancc 
to the force of traction. The greatest deflection, as laid dovm 
by some writers, should not exceed three Imndredlhs of an inch, 
for the Msual bearing of three feet between the points of sup- 
port. The lop of the rail js usually about two ana a half inches 
Dfoad, and an inch in depth. This has been found to present a 
good bearing surface for the wliceis, and sufficient strength to 
preTenl tlie top from being crushed by the weight upon the rail. 
The breadth of tlie rib varies between three fourths of au inch to 
an inch ; and the total ilepdi of the rail from three lo five inches." 
The thickness and breadth of the boltoru have befln varied ac- 
cording lo the strength and stability demanded by the trafRc. 

66S. SumiOTta. The rails are laid upon supports of timber, 
OT 8lone. The supports should present a firm unyieUling bed to 
tlie raits, so as to prevent all displacement, either in a lateral or 
a Terlical direction, from the pressure tiirown upon ihem. 

Considerable diver^y is to he met with in the practice of 
engineers on this point. On tlie earlier roads, heavy stone 
blocks were mostly used for siippoita, but these were found to 
require great precautions lo render ihcin firm, and lliey were, 
moreover, babfe to split from the means taken to confine the 
rails to them. Timber has, within late years, been generally 
piefenred to stone. It affords a more agreeable road ibr travel, 
and eives a better lateral suppott to the rails limn stono blocks. 

The usual method of placing timber auppo^rts is triiosverscly 
lo the track. Each support, termed a sleeper, or eross-'ie, bein^ 
foimcd of a piece of timber sis or eight inches square. The or^ 
dinury distance between the centre lines of ihe supports, is three 
feet for rails of the UaUal dimensions. With a greater bcarlJig, 
rails uf the ordinary dimensions do not present sufficient stilluesa. 
The alcepei's, when formed of round timber, should be squared 
Oil the lupper and lower surface. On some of the recent railwayi 
in England, sleepers presenting tn c-osa secdon a right-angled 
iiungie have been u^jed, tlie right angle being at the bottom. 
They ve represented to be more convenient in setting, and 
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offer a nvore stable suppon ttiui those of the usual form. I'he 
sleepers are placed etlhcr upon the ballasiitig of the roaJway, cr 
tlfXiii longiludioaJ beajita la.io beneath th(;m along the line at Lht 
nils. 't\iG latter is now llie idore usual pr&cUce with m, aiul tl 
indispensable upon new embankments to prevent the ends of 
the sleepers from settling une<|ual!y- Thick plank, about eight 
inclies broad and three or four inches thick, is usually employed 
for the longitudinal supports of the sleepers. 

On aomc of the more rex-enl railways in England, tlic rails 
have been laid upon longitudinal beams, presenting a conluiuom 
•upporl lo the rail, the beama resting upwi croBS-tiea. 

669. Chairs. The raila are fimdy futened to their sapporta 
cist-iron chairs, (Figs. 157, 159,) wroughl-iron spikes, or serewa, 
The chair is cast in one liicce, and consists of a botlom-platCr upoQ 
which the rail reals, and two side piecea between which the rail h 
confined by wedgos of iron, or of wood. The ehaire are fastencd 
to IJie supports by iron bolts, or wotxlen pins. A vanelv of 
fomiH jiave been given to the chairs, and different methods adoplt^ 
ed for confining llic mil firnily within them. Iron wedges hari 
been found to work loose, wooden -wedges, or keys, have beefl 
>ubflutuied for liiem- They are made of kiln-dried limber, aod. 
are forced through cutters, by which they receive the proper 
shape^ and are at the same time strongly compressed. TJie key, 
prepared in l\m maimer, gradually swells by mihibing moisture 
after being inserted, and focms a very strong fastening. Ch 
are generally placed Upon each etipporl. In aODie Cases th< 
are only placed at the points of junction of the rails ; iron spit 
with a went head being driven inio the supports, to confine 
rails at the intermediate points between the chairs. 

A joint of sufiicienl width is left between the ends of the 
to allow for the expansion of llie bars. \'^arioil8 methods 
farming this joint have been tried ; the more usual forms are 
square joint, and the ohiiijiic joint. 

670. Ballast. A covering of broken stone, of clean coar; 
gravel, or of any other niaterial lliat %vil] allow the water 
Oraiii olT freely, is laid upon the natural surface of the excavatioi 
aod embankments, to form a firm foundation for ihe siippon 
This has received the appellation of the baUast. Il8 tltickne 
is from nine to eighteen inches. Open or broken-stone clrai: 
should be placed beneath the ballasting lo convey off the surfa 
Walei. Tlie parts of the bailaaline upon which the suppo 
rest should be well rammed, or rolled ; and it should be w 
packed beneath and around the supports. After tlic rails a 
laid, another layer of broken stone or gravel should be addi 
the surface of which slioiild be slightly convex and abou! 
iuhei below the top of ihc raila. 
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671. Temporary railways of wood and iron. On the firrt 
nticducUon of railways into the United States, llie tracks were 
formed of flal iron bars laid upon biigiludinal beams. The iron 
bars were about iwo and n half inches in breadUi, and from one 
half to three fourths of aii inch in thickness, tht top surface 
being slightly convex. Tiiey were placed on the longitiu'lina. 
beaiDS, a little back from the inner edgej tlie side of the beam 
near the top being bevelled olT, and were fastened to th^ beam 
by SCJCW8 or epikcs, which passed through elliptical holes vnlh 
■ countersink to receive the heads of ihe spikcij; the holes re- 
ceiviflg tSiis shape to allow of the cumraclioti and expansion of 
the bar, without displacing the fastenings. The longitudinal 
beams were supported by cross sleepers, with which they wera 
connected by Wcdge& that confined the beams in notches cut 
into the sleepers to receive iheiTi. The longitudinal beams were 
usually about six inches in breadth, and nine inches m depth', 
and in as long lengtlia as [iicy could be procured. The joinla 
between the bars were eiihcr sfjuare or oblique, and a piece of 
iron or zinc was inserted ^'ulu the beams at the joint, to prevent 
the end of the rail firotn oeing crushed into the wood by the 
wheels. 

In some instances the bars were fastened to long stone blocksj 
but this method was soon abandoned, as the stone was rapidly 
desLroyed by the action of the wheels; besides which, the rigid 
nature of the stone rendered the travelling upon it excessively 
disagreeable. 

This syHiem of railway, whose chief recommendation Ja eco- 
nomy in Ihe first cost, lias giadually given place to the solid rail. 
Besides tlie want of durabihly of the structure, it does not pos- 
aeas sufficient strength for a heavy trnfEc. 

672. Gauge. 1 he distance between the two lines of raiJa of 
a track, termed the gauge, which has been adopted for the great 
majority of the railways in England, and also with us, is 4 feet 
84 inches. This gauge appears to have been the result of 
chance, and it has been followed in the great majority of cases 
up to the present time, owing to the inconvetiience tltat would 
arise from the adoption of a different gauge upon new lines. 
The greatest deviation yet made from the estabJislicd ^auge is in 
that of the Great Western Railway, in which the gauge is seven 
feel. Engineers are generally agreed that a wider gauge is de- 
sirable, as with it the wheels of railway cars Could he made of 
greater diameter than ihcy now receive, and be placed outaida 
of the cars instead of under them as at present ; (he centre of 
gnvity of the load might be placed lower, and more steadi 
neas of motion and greater Becuriiy at high velocities ba at 
tuned. 
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In a. double track the distance between the Iwo tracks is g;eo- 
erallv iHe same as ihc gauge ; and the distance betwcea tlte 
. outside rail of a track, and ihe sides of the exc4kvat)9n, or era>j 
bankment, ia seldom made greater ciian six feet, as this is deetnr 
suflicieiit to prevent llie cars from ^oing ovei an embaukrae 
were ibcv to run off the mils. 

673. On all straight ponions of a track, tlie support? bIioiiIi 
be on a level [ransTLTsely, and parallel to the plane of llie incl 
longitudinally. The lop surface of the rail sliould iticliiic ia- 
ward, to conform to llie conicul form of tfic wheels ; ihis ii 
now uaually effected by giving the cliair tlie rcquiaile pitch, 
by forming the top surface with the requisite bevel for iliis pt 
pose. 

674. Curves. In the curved jjortions of a track tlic ceuiiKj 
fugal force tends [o force the carriage lowarcis the outside 
of the curve. This action of ibe centrifugal force i« couotec 
acted, to a certain extent, by the conical form of the wheels,) 
which, by causing thetri to run oti unequal diamelcre 90 mod ai 
ihey enter a curve, inclines the car inward. Within certaia^^ 

I limits of the radius of curvature, Ihe amount of the force bj^f 
which the car ia impelled towards the centre of tlie curve, by^* 
this change in tlie oianieter of the interior and exterior wheels, 
will be sutticient to ccunieracl the centrifugal force which urg 
it outward. With wheels of the diameter and shape at preset 
in general use, the usual gauge of track, ami play between tit 
flanch of each wheel and ttie side of the rail, the least radius 
curvature which will prevent the flanch of the exterior whee 
from being brought into contact witli the side of the rail, is four 
ia be about 500 Icet, To prevent actual contact and offer 
feet security, the radius allowed should not be less than lOOO loe| 
when the c.\tenor and iiilvnor rails are on the same level trana 
versely. As on curves with a smaller radius than lODO feel 
the flanch of the wheel might be driven against the rail, and 
car be forced from the track, it will be rcfjuisite to provi<l 
against this by raising the exterior rail higher than the interic 
so that by thus placing the wheels on an inclined plane, ih 
.icomponent of gravity, opposed to the centrifugal force, added 
the force which impels (he car inward when ruiuiing oa vl 
of imequal diameter, may balance the ccnlrifugaJ force. FroB 
.the above conditions of equilibrium, the elevation which the 
'tenor rail should rnceive above tlie interior can be readily ti 
.culated. The mctliod more usually ailopied, however, is is 
B|dect llie effect of the conical form of ihu wheel, in count 
Sliag the action of tlie centrifugal force within certain limit 
fljid to give the exterior rail an elevation sufficient to prevent 
■flanch of the wheel from being driven against the side of the nil] 
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whin the car is moTtng at ihe highest supposed velocity ; or, in 
oilier words, to give llie inclined plane across llie Iiack, on wliicli 
the wheels rest, an inclination such tliat the lendenry of ilic 
whrela to slide towards the interior rail shall nione comilcracl 
the centrifugal force. 

675. Sidings, ^c. On single lines of railways short portions 
of a track, icrnied siditiffs, are placed at convenient intervals 
along the nmin ira<^k, to enable cara going in opposite direclions 
to cross each other, one train passing, into the sidhig and stop- 

T)ing while llie other proceeds on the main track. On double 
ines arrangciacnis, tenned crosstngs, are made to ennbic IrainH 
to pass from one lra.ck into the other, as ciicumBtances may re- 
<juire. The position of siding* and theij length will depend 
entirely on local circumstances, as the length of the trains, the 
number daily, &c. 

The manner generally adopted, of connecting the main track 
with a siding, or a crosBing, is very simple. It consiBls (Fig. 
16i) in having two short lengthe of lie opposite rails of the main 
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track, where the siding or crossing joins it, moveable around one 
of their ends, bu that the other can be: displaced from the line of 
the main track, and be joined with that of (he siding, or crossing, 
on ilie passage of a car out of the main track. These moveable 
portions of rails arc connected and kept parallel by a long ctose 
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bo!t, to the end trf which a Fcnica) lerer i* (ittacbed W cNiw 
them fnrwanl, or shove llietn back. 

At the pmni whi-re the raiU of the two tracks iiit«reect, a cart- 
tTon plale, Urmcd a crossing-plate (Fig. 162) la placed lo con 
necl ihe raila. The surface of the plate is arranged either with 
grooves in the lines of the rails to admit the flaoch of the wheel 
in parsing, ihe , lire running upon the surface of the plate ; at 
wrought- iron bara arc aSixed to the surface «f the plate {<a th« 
same purpose. 

The angle between the rails of the main (racks and tho«e of ■] 
siding of crossing, termed the angie of dejlfction, should not be 
greater ihan 2° or 3". The coiineciing' rails between the strai^l 
portions of the tracks should he of the ohape of an S curre, in 
order ihat the passage may he gradually elTecled. 

676. Tum-plates. Where one track intersects another under 
B considerahle ancl^, it will be necessary \<\ substiiiite for th« 
ordinary mclhod of connecting thein, what is termud a liem-platf, 
or lurn-table. This consists of a strong ciTrular jilalfonn of 
wood or cast-iron, movcaifle around ita centre by nicaiis of cooi- 
cal rolEers beneath it running upon iron roller-ways. Two tails 
are laid upon the plalform lu receive the car, which is Lnuifferred 
from one track to the other by turning llie platform sufficienUy 
' to place the rails upon il in the aame hne as those of the track 
to be pa-ssed into. 

677- Street'Crossings. When a track intersects a road, or 
street, uiwn the same level wuh it, the rail must be guarded by 
casl>iron plates laid on each aide of it, sufficient space being left 
between ihem and the rail for the play of Uie flanch. The lop 
of ihc plates should be on a level witli the top of the rail. 
Wherever it is practicable a drain should be placed beneath, to 
receive the mud and dust which, accumulating helween the platM 
and rail, might interfere willi the passing of the cars along the 
mils. 

678. Gradients. From various eiqierimcnta upon the fnction 
of cars upon railways, i[ appears that the angle of repose is 
about yji, but that in deacendJng gradients much sleeper, the 
velocity due to liie accelerating force of gravity soon attains it4 
vrcalcBt limit and remains constant, from llic resistance caused 
hv the air. 

The limit of tlie velocity thus attained upon gradients of any 
degree, whether the train descends by tlie action of gravity alouo, 
or by the combined actiun of the motive power of the engine 
and gravity, can be readily delcrminod for any given load. Fnns 
Calculation and experiment it fippCars that heavy trains may de- 
scend gradients of jis, witliout itllaining a greater velocity than 
about 40 or 60 miles an hour, by allowing them to ran freely 
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'without applying iha brake lo check ihe speed. By tlie appli- 
cation of the brake, the velocity may be kcpi within any Jimil 
of safely upon much sleeper gradients. Tlie only question, then, 
in comparing llio advantages of diffcreiit ffradieiils, is one of the 
comparative cost belwceu ihe loss of power and s;>eed, on the 
one liaiid, for ascending Uams on steep gradients, and that of the 
heavy encavalions, tunnels, and emWnkrncms, on the other, 
^ whiclt may be rcijuired by lighter gradients. 

^B In distributing tli<B gradient? along a line, eng^inecrs are gener- 
^'ally agreed thai it is more advaniageous lo 3iare sleep gradienta 
apon short portions of llic line, than to o^vercome the same dif- 
ference of level by gradients \ass steep upon longer develop- 
ments. 

679. In sleep gradients, where locomotive power cannot be 
employed, slalionary power is used, ihc trains being dragged up, 
or lowered, by ropes connected with a suitaiile mechanism, 
worked by stationary power placed at the top of the plane. 
The inclined planes, with stationary power, generally receive a 
J^ uniform slope ihroughoui. The portion nf the track at the top 
Hand bottom of the plane, should be level for a sufficient diaUnce 
back, to receive the ascending or descending trains. The axes 
of the level portions should, when praclicalile, be in the eamo 

»Tenical plane as that of the axis of the inclined plane. 
Small rollers, or slieeves, arc placed al suitable distances along 
ibe axis of the inclined plane, upon which the rope rests. 
Within a few years back fleubic bands of rolled honp-iron 
have been subsliluied for ropes on some of llie inchned planes 

I of the United Stales, and have been found lo work well, pre- 
senting more durability and being less expensive than ropes. 
6B0. lufinels. Tlie great consumption of power by gravity, 
Bed the necessity therefore of cilhcr employing additional power, 
or of diminishing the load of locomotives in ascending Btcep grs' 
dient!<, have caused engineers lo resort In excavations and eiii- 
bankmentfi fre{|Ucntlyof exceesive dimensions, to obtain gradients 

Pupon which the ordinary loads on a level can be transported with 
& suitable degree of speed. The difficulty and cost of forming 
these "Works become in some cases so great, that it is fuuna 
preferable to obtain the reijuiaite gradient ijy carrying the roiid 
tuider ground by an excavation termed a tunnel. 

The choice between deep cutting and tunnelling, will depend 
bjK>n the relative coat of ihc two, and the nature ol ibc ground. 
When the cost of the two methods would be about equal, and 
the slopes of the deep cut are not tisblc to slips, it is usually 

■ more advantageous to resort lo deep cutting than lo tunnelling. 
So much, however, will depend upon local circumstances, thai 
the coQipaialive advantages of tlie Iwo melhcxls can only be de 
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ciiJed upon uncle rsUuMdingly when lliese are known. Where aoy 
laLiluJe vf choice of locality is allowed, ihe nature of the soil, 
lllc lenglli of ihe luuriel, ihiiL of ibe deep cuts by which it mual 
be appruadied, and aUo ihc dcpllis of Uic working and air sliaTla, 
niusi all he well studied before any >dc6nilive location is decided 
upon. In some cases il may be found, tliat a longer tuiuiel with 
siioricr deep cuts wilt be more advantageous in one position, 
Llian a sliorier luniiel willi longer deep cuts in another. In olJi- 
CTS, t^le grcator dcptb of working shafts may be more than com- 
punaalcd hy obtaining a safer soil, or a sliorter tunnel. 

Csl. The operations in tiinnclliiig will depend upon Uie nalure 
of itie soil. The Work is commenced Uy selling out) in the first 
plate, with great accuracy upon the surface of the ground, ihc 
profile line contained in the vertical plane of the axis of the mn- 
uol. At suitable internals along this line vertical pit«, termed 
working shofis, are sunk to & level with the tup, or crown of the 
tmmul. The shafts and ihc excavations, whidi fonn llie en- 
trances to the tmiacl, are connected, when die soil will adiuit of 
it, by a small excavation termed a headings or drift, usually five 
or siK feet in widlli, and seven or cijjht feet ni height, which is 
made along the crown of the tunnel. After the dnfi is com- 
pleted, the e;3Lcavatio]i for the tunasi is gradually enlarged \ the 
excavated earlli is raised through the working shafts, and at the 
s&inc tiuiij carried out at the ends. The duneaeions and fomi 
of die cross section oi the excavation, will depend upon the na- 
ture of the soil, and the object of the tunnel as a communi- 
cation. In Solid rock tlie aides of the excavation are usually 
vertical ; the top receives an arched fomi ; and the bottom la 
honzoiuaJ. In so]ls which require to be sustained by an arch, 
ilie excavation should eonfomi as nearly as practicable to the 
form of croag section of the arch. 

In luiuiels through unstratihcd rocks, Uie sides and roof may 
be safely left unsupported ; but in stratified rocks there is dan- 
ger of blocks becoming detached and falling : vrherever this ia 
to be apprehended, tiie top uf llic tunnel should be supported by 
an arcli. 

Tunnelling in loose soils is one of the most hazardous opera- 
tions of the miner's art, requiring the greatest precautions in 
supponing the sidys of the cxcavalioua by strong rough frame- 
work, covered by a sheatliiiig of boEirds, lo secure tlie workmen 
from danger. When in such cases the drift cannot be extended, 
throughout the hue of the tunnel, the excavation is advanced. 
only a few feel in each direction from tiie bottom of [}ie working 
shafts, and is gradually widened at^d deepened to ihe proper 
form and diinensiuns to receive the masonry of Uie tunnel, which. 
it inuiiBdiatuly coiUQienctHl below each working sJiafl, and it. 
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earned firrward in both dircclioiie towards the two ends of ilif 
tunnel. 

682. Masonrtf of tunnels. The cross section of Uie arch of s 
tunnel (Fig. 163) is uauallv an oval segment, formed of arcs of 
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circles for the sides and lop, resting on an inverted arch at bot- 
tom. The lunnels on some of the recent railways in England 
are from 24 to 30 feet wide, and of (he same height from ihe 
level of tlie rails to the crnwn of ihe arch. The usual thickness 
of lh« arch is eigiiteen inches. Brick laid in hydraulic cement 
18 generally used for the masonry, an askew-hack course of stone 
being placed at the junction of tlie sidjjs. and the inverted arcli. 
The masonry is conslrucld ia short Icngtha of about twenty 
feel, depending, however, upon the precautions necoasary lo se^ 
cure Ihe sides of ihe excavation. As the sides of the arch are 
carriud up, the frame-work supporting the earth behind is grad- 
ually removed, and the space between the b.'^ck of the ma- 
sonry and the sides of ihe excavation is filled in wjlh earth 
well rammed. This operation should be carefully attended to 
tliroughout the whole of ihe backing of the arch, so that the 
masonry may not be eiposed to (he effecla of any sudden yield 
Itig of the earth around il. 

68y. The frame-work of the centres ahould be 90 arrangec 
tliat ihey may be taken apart and be set up with facility. The 
combiualicin adopted will depend npon the size of the arch, and 
the necessity of supporting the sides aa well as tlie lop of the 

i arch by ilie centre, during the process of tlie work. 

684. The earth at the ends of the tunnel is supported by n 

\ retaining wall, usually faced with stone. ■ These walls, termed 
the/ro^i'* of ihe tunnel, i:e generally finished with the usual 
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It87. Canals a.re artificLal chann«l;j for water, appli&d t& tbo 
pQrpose of inland navigation ; for the supply of cities whh wa- 
ter; for draining; fur irrigalion, Slc. ic. 

6S9. Navigable canals are divided into Iwo classes ; 1st. Ca- 
lais which are on the same level tfirouglioul llioir entire length, 
'as those which are found in low level Couniries. 2d, Canals 
which connect, two points of difterenl levels, which lie either in 
the same valley, or on opposite sides of a dividing ridge. This 
class is found in broken countncsj in which it is necessary to 
divide the entire length of the canal into several level portions, 
ihe ■coininiuiicatiDn between which ia effected by some a.rUticial 
means. When the points to be connected lie on opposite aides 
of a dividing ridge, the highest reach, which crosaea the tidge, 
la termed the summit level. 

689. Is-t Class. The aurveyiiig and laying out a cnnal in u 
level country, are operations of such extreme simplicity as to 
require no particular notice in this place ; since these operations 
h»ve been fully explained in the subject of Common Koada. 
The line of the canal should be run in a direct line between the 
two points to be connected, unless it be found necessary lo de- 
lect it at any intermediate point? j in which case, the siraighl 
portions wiHl be connected by arcs of circles of sufficient curva^ 
ture to allow the boats used in the nivvigatjon to PUS'S «<tcli oihei 
Ltt the curves, witliout any diminution of tlieir ordinary rate of 
ed. 

The cross section of this class (Fig. 164) presents usually a 



T^K■ W* — Cnm wctioa «( ■ cuibI ia loTal cutting, 

A, waisr-wsf, 

B. lOW-flBlI'li. 

gbaimi. 
I ■Jde-ilrajaB. 

EiiHuMlinB of clayori&ad 

Wfff^-may, or channel of a trapezoidal fonn, with an embatik- 

iDent on each side, raised above t!ie general level of the couiili^, 

iiad formed of the excavation for the water-way. The level, <v 

40 



SI4 



CAXUJ. 



■tr&ce of the wmier, is luamUir abore ihe ittUir&l surface, niffi* 
ami ^iuckaeaa being given w the embankmeuis to prevent tlie 
filtnOJon oi ihe water Umm^ them, and to resist its prt^s^ire. 
This amngemeDl has in its fiivor die adTaidage of economy in 
the labor of excaraluig ond embaoluDg, ftnce the cross sectioq 
of ibe cutting may be so calculated as to fumisti tbe necesaar/ 
c«nh for the embutkment : but ii exposes tbe surrouDdJng couti< 
Uy to injiuy, &om accideiits happening lo ibe embank ate nl5. 

Tbe relatiTe dimensiocs of the paiU of the cross section may 
be eeaerally stated as follows ; £ut»ect lo such modificalioiia m 
each paitkulai case may seem to detnand. 

The widlb of tbe water-way, at boiiom, should be at least 
twice tbe vidth of the boats u»ed ia navigating the canal ; so 
that two boats, in nas&ing each other, may, by shcenng towards 
tbe sides, aroid being biwighl into contact. 

Tbe depth of the water-way should be at lea»I eighteen 
inches i^aler than the draft of i)i« boat, lo taciJitaie thtf motion 
of the boat, particularly if there are water-plaQte growing on 
the UoUom. 

The side elopes of the ttatet-way. in compact soils, sliould 
receive a base at least once-aiid-a*hatf the altitude, and propo'> 
lionally more as liie soil is tess compact. 

The thickness of tlic embankments, at top. is seldom regu 
lated bv the pressure of the walei against ihcm, as this, in most 
Cases, 18 mCooaiderable, but to prercnt filtration, winch, were itl 
to take place, would soon cause iheir desmiction. A iliickDesij 
^m four to sii feet, at lop, with the additional thicknees givctl^ 
by the aide stupes at the water surface, will, in most cases, be 
amply sufficient to present lillrations. A pathway for the horseal 
atlactietl lu the boats, tenued a itMP-palh, which is made on ouol 
of the embankments, and a fool-path on tlte otjver. wliich shouktl 
be wide eoougli to serve as an occasional tow-path, give s su-i 
pcrabundance of strength to tlic embankments. \ 

Tbe tow-path should be from ten to tn'clve feet wide, to oUowj 
the horses to pa£S each oilier with ease ; and tlie fooI>path all 
■ least six feet wide. The height of the surfaces of tliese paths,' 
'pbove the water surface, should not be less ihaa two feel, to 
avoid the wash of the ripple; nor greater than four feel and a 
half, for the facility of the draft of ihe horses in towing. The, 
mulace of the low-patli should incline slightly ouiw^, bcftfal 
lo convey off the surface water in wei weallier, and to gival 
a firmer footing to the horses, wliich naturally draw from the 
canal. 

The side slopes of the embankment vary with the cltanctei 
of the aoil : towards ihc walcr-way they should seldom he leaa 
than tw(i base to one perpendicular ; imm it, they may, if it be 
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»lhoiiglit necessary, be leas, Tbo interior slope is usually not 
carried up unbroken from the boltom to the lop; bul a liorizoii' 
tal apace, lermed a bench, or her/n, about one or two feel wide, 
is left, aboul one foot above llic water surface, between the side 
^o[M* of the water-way and \lui foot of llic embankment above 
[|L« bcrm. This space aerves to protect the iipptT jjtul of the 
rior side slope, and is, in sonic cases, plaiilGd with such 
ubbory as grows inoet luxuriaiitiy m a(|ualic locnbticB. lo pro- 
[tccl more efficaciouaiy the banks by ibc »u|)port which its roots 
jive to [he soil. The side slopes are belter protected by a re- 
[■Tfetenicitt of dry alone. Aquatic plants of the biilrosn kind 
llapc b«en used, with success, for the sa.nic purpose ; being 
pliuitcd on the boltom, al the fool of the side slope, ihcy serve 
lu break the rii>nlc, and preatrve the slopes from ils cfTeins. 
The earth ol which die cinbankineiils are formed should be 

■of a good binding characier, and perftcdy Iree from vtgciable 
Zuuiild, and all vegelahlc iiiallej, as the roots of plants, 6i,c, In 
lotiniitg the embankmcuta, ihc vegetable mould should be care- 

• fully removed from the surface on which they ;u'c to rest; and 
ibcy should be carried up in uniform layers, from nine lo twelve 
incJies thick, and be woli rammed. If the characier of the earth, 
i)( which the embankitienm are formed, is sueh as not to present 

ICiUH'e seciu'ily against filtration, a puddling of clay<. or finu ajind, 
(wo or lliree feet thick, may be laid in the interior uf the; cuuss, 
pt^nclrating a foot below the naturiil sorfatce. Sand is usi^fiil m 
preventing tiltiatioii caused by the holes made m the eiubnnk- 
DWnts near llie water surface by iusccle^ mulej), rals, &c. 

■ Side drains muat he made, on each aside, a foot or Uvo from 
;Iie embaiikmenls, to prevent the surface water of the natural 
surface from injuring tlit; Cmbaakments. 
, tj90. Sd Class. This class will ad mil of two subdivision!: 

IisU Canals which lie throughout in the same valley; 2il, Canals 
Vilh a summit level. 
Location. In laying out canals, belonging lo the first sub- 
diTtsion, the line of dircetign of the canal should be aa direct aS 
practicable between the two points. As the different levels. 
Bowever, muat be laid out on one of the side slopea of the val- 
ley, their lines of direction will be nearly the same aa the hori- 
Soiital curved line in which the natural surface of ihe ground 
wouki be mieraectcd by ilie water surface ol lliu canal pro- 
duced ; the variations in direction from this curve depending on 
the character of the cuttings and fdllligs, both as to the advau- 
lages whici) the one may present over the other as regards fUtra.* 

• lion, and the economy of construction. 
Willi respect to^tlie side slope of the valley along which tlie 
cao&l i? to be run, llie engineer must be guidod in hia choice by 
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■deniidas ■• far aoy odsr be o^ i iimimw iijui . aosnng 
lhe« ty fuBiiwwg Ar aamd ntfrre, or dae by « fiOif^ is t 
n^pl DBCf ■> BT bmI ccsvonucaL 

•91. CVon aeoEMii. TIk aide ic^HfiHs o^ ezcanbou ud 
■olHikiiieatt nqoBB prcaliw cue, pailkaibHy tbe Uuei', » 
BBT crenccSt vneo (bey sre fini wiiueu, or wfaicli KM.V lua 
place by — "^"^ Mgbt pwwe Aupu c li i e to d>eiP<!ifc. In mMI 
nin, * atDtom sf ^pod badaig euib, Ihnng the mder-ww 
ibmogboat lo Ibe dnrfcaraa of dMU fcnr feH, if coin|«ei!^ 
wmmnrf, will be fgund to ofier asAdent aeointy, if ibc sab* 
Mmcouc is of a finn cfaamclcrj and not liable to seule. Piae 
Hod bu been ff^ytd «ilfa tooeeti lo Mop th« leakage in canla. 
The sand foe irns poipoae b qnakled, in am^ qaantidcs il a 
lime, orer ibe surface of tbe water, and gndoalty fiQs Dp tbe 
oalleta in the baltom and sides of the canal. But oettlicr ihti 
■OF poddlii^ has been foimd lo answer in all cnes, paniculari] 
Vrhere the sobstntcture is fonocd of fngmeots of rocks ' 
lai^ crence« to filuratiaas,. oc b of a maiiy aaluie. In an 
caies it has been found ttecessaiy la line the waier-way ihrat 
out with stone, laid m hydraulic mortar. A lining m this i 
faciei, (Fig. 165,) both at the bottom aiul sides, lonned of 
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9U>nes, about four inches thick, latd on a bed af hydraulic mot* 
tar, one inch tliick, and cuvered by a. similar coat of moriar, 
making ihe entire lliickncss of the lining six inches, ]ia» been 
found lo answer all the refjuiTcd purposes. This lining ahould 
be covered, both at boUom and on llie flides, by a layer of good 
earth, 31 least three feet ihiek, lo protect iL from the shock 01 the 
boats striking either of those parts. 

Eoss section of the canal and tls tow-paths in deep cut- 
166) should be regulated in the same way as iti canals 

of the £rst class : but when the cuttings are of considerable 
depth, it has been recommended to reduce both to the dimen- 
sions striclFy neceaaary for the passage of a single boat. By 
this reduction there would be some economy in llie excavaliona ; 
but Ihis advantage would, generally, be cf too trifling a charac- 
ter to be placed as an offset to the inconveniences resulting to 
the navigation, paxlicularly where an active trade was to be car- 
lied un. 

692. Summit level. As tlie water for the sujiply of the sum- 
mit level of a canal must be collccteifrom, the ground thai lie* 
^K above it, the position selected fur the sutnmit level should be at 
^f the lowest point practicable of the dividing ridge, between the 
two branches of the canal. In selecting this point, and ihc di- 
rection of the two branches of the canal, the engineer will be 
guided by the coflsiderationa With regard to the natural features 
^_ of the surface, which have already been dwelt upon. 
^B 693. Supply of water. The quantity of water required fo* 
^^ canals with a summit level, may be divided into two portions 
1st. That which is required for the summit level, and tliose k? 
cIs which draw from it their supply. 2d. That which is wanted 
I for the levels below those, and which ia furaislicd from oilier 
^ft lourcea. 

^v The supply of the first portion, which must be collected at 
the summit le?el, may be divided into several elements: Ist. 
The qtiantity required to fill the suramit level, and the levels 
which draw their supply from it. 2d. The quantity required to 
•apply lo«8es, arising from accidenls ; as breachea in the banlu^ 
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and the emptying of the leyela for repain. 3d. The aopplid ■ 
for losses from BUiface evaporation, from leakage tlirougti ifte fl 
ioil, and through the lofk galea. 4. The quantity required fra ™ 
the scrricB of the navij^lion, arising from t!ic passage of the 
boats (rom one level to afiolhcr. Owing to the want of sufficient 
-data, founded on accurate obscrvalions, Tto precise amount can 
be assigned lo these various elements which will serve the engi- 
neer as dutft for rigorous ca,le illation. 

The r|UBntily required, in the firat place, to fi/! the eununit 
level and its dependent levels, will depend on iheii size, an ele* 
ment which can be readily calculated ; and upon tlic quatiliiy 
which would soak into the soil, which is an clement of a toj 
indeterminate character, d^epending oji the nature ef the soil iB 
ihc different levels. 

The suppliea for accidental lossea are of a still less delermi- 
Dale character. 

Tt> calculate the supply for Josacs from surface evaponttion, 
correct observations must be made on the yearly amount of 
eraporalion, and the quantity of rain that falls on the surface ; 
ihe loss to be supplied will be the difference between these twi 
quantitiea- 

With regard to the leakage through the soil, it will depend 
ihc greater or less capacity which the soil has for liolJing waicfil 
This element varies not only with the nature of the aoil, but al 
with the shorter or longer time that the canal may have been 
U9C ; it having been found to decrease with lime, and to 
com par;i lively, bul trifling in old canaJs. In ordinary soils 
may be estimated nt about two inches jn depth every twenty-foii 
hours, for some time after the canal is first opened. The lea' 
B^ through the gates will depend on the worlimanship of the: 
jMrtB. From experiments by Mr. Fisk, on ihn Chesapeake 
Ohio canal, the leakage through the locks at the summit level 
which arc 100 feel long, 1& feci vnde, and have a lift of 9 fed 
amounts lo twelve locks full daily, or about 62 cubic feel 
minute. The moniJily loss upon the same canal, from eva' 
lion and filtration, is about twice the quantity of water contaim 
in it. From eiperimenls made by Mr. J. B. Jervis, on ibe B 
canal, the total loss, from evaporation, fillmtton, and leak 
through the gales, is about 100 cubic feel per minute, for c 

nils. 

'n estimating the quantity of water expended for the sem 
of tlie navigalion, in passing the boats from one level lo onothe 
two distinct cases require examinarion j — let. Wliere ibcre is b 
one lock belwccn two levels, or in other words, when the loc 
tre isolated. 2d. When [}Lere are several contiguous locks, 
as it is termed, alight of locks between two levels. 
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A lock i'S a ainail l>asin just krge enough to receive a 
in which ihe water is usually confined on the aides by two 
ipright walls of masonry, and at the ends by two gates, which 
toi'i^il find shut, both for the purpose of allowing liie boat to paea, 
«nd to cut off liie water of the upper level from the lower, as 
well as from the I'-ck while the hoai id in it. To pa^s a boat 
from one level lo ihc olher — from ihfl lower to the upper end, 
for example — tlie lower galea are opened, and l!ie boat having 
entered the lock they arc shut, luid water is drawn from the U[>- 
per level, by means of valves, lo till t}ie lock and mise tlie boat , 
when this operation is Bnished, the upper gates are opened, and 
the boat ia passed out. To descend from the upper level, the 
lutk is first hllud ; tlie upper gales are then openeo, and the boat 
passed in ; these gnte» arc next shut, and the water is drawn 

tfrufti the lock, by valves, until the boat is lowered to the lower 
IcTel, whea the lower gates are opened and llie boat is pasa«d 
out. 

In the two opfimtions just described, it is evident, tliat for the 
passage of a boat, up or down, a quantity of water must be 
arawu from llie upper level to fill the io^'k lo a height which ia 
equal to the difference of level between the surface of the water 
k in lliti two; lliis height is termed the ii/c of the lock, and ilie 
^■volume of WalCr required to pass a l.)0al up or doWn Is termed 
^" tlie prism of lift. The calculation, therefore, for the quantity 
of water requisite for Uie service of the navigation, will be aim- 
ply that of the number of prisma of lift which each boat will 
draw from the summit level in passing up or down- 

1695. Let a boat, on its way up, be supposed to have arrived 
at the lowest level supplied from the siuninit level ; it will re- 
quire 4 prism of lift to ascend the next lerel above, and so oti in 
aucccesion, until it reaches tlic summit level, from which one 
prisDi of Ufl must be drawn to enable the boat to enter it. From 
this it appears that but one prism of lift is diaWn from the 9U1U- 
tnit level for llie passage «f a boat up. Now, in descending on 
Ibe other side, Uie boat will require one prism of lift to take it to 
the next level, and this prism of lift will carry it tliroiigh all the 
uuccessive locks, if their lilts are the same. For the entire pas- 
aage of one boat, tlicn, two prisms of lift muet be drawn irom 
the summit level. 

Till!* boat will thus leave all the locks full on Uie side of tlw 
Hscent, and empty on the side of the descent. Now thencxt boat 
toay be going in llie aame, or in an opposite direction, wilh re- 
spect to the first. If It follows the lirsl, it wdl evidently require 
;wo prisms of lift for iis rentJre passage, and will leave the locki 
ill the same slate as they were. If it proceeds in an opposilQ 
direction, i' will require a prism of lift to ascend to tlic surnmi} 
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^erel ; bul, in descending, it will take adrantage of the full lock, 
left by the preceding buat, and will therefore not draw from the 
summit level for its descent lo tlic nc^iti ihe same will take 
place at every level until the last, where it will carry out with it 
the prism of lift, which was drawn from the summit level for the 
preceding boat, ao that in this case it will draw but one prism 
of lift from the flurnmit leveE. If ihe two boats had met on tli« 
summit level, the same would hare taken place : iJicreforc, when 
ihc boats alternate rcgularlVr each will require bul one pnsm ol 
lift for Its entire passage. But as this regularity of allcmalioif 
cannot be practically earned into effect, an allowance oi (wo 
prisms of lift must be made far the entire passage of each boat 

In calculating the expenditure for locks in flights, a new ele- 
ment, termed the prism of draught, muat be Iskea into account. 
This prism 13 the quantity of water required to float the boat in 
the lock when the miam of lift is drawn off; and is cvidcniiy 
equal in depth to lue water in the canal, unless ii should he 
deemed advisable to make it just sufHcient for the draught of the 
boat, by which a small saving of water might be effected. 

696. Locks in fltglita may be considered under two p*inta of 

view, witli regard to the expenditure of water: the first, where 

both the prietn of hfl, and thai of draught, are drawn ofl" for the 

^passage of a boat ; or second, where llie pnsms of draught am 

; always retained in the locks. The expenditure, of course, will< 

, be different for llie two cases. 

To ascertain what will lake place in the two cases, let a caaol 
be supposed, in which there is a itight of locks on each side of 
the summit level, to connect it with the two next lower levels. 
In the drsl case, a boat, arriving at the foot of the flight. Aadai 
all the locks of the flight empty, except the lowest, wliich mtutJ 
contain a prisra of draught to float the boat in. To raise dio I 
boat, then, to the upper level, all the locks of the flight must bo^ 
filled from the summit level, which will require as many phama 
of lift as there are locks, and as many prisms of draught as thersj 
RTe looks less ore i or, representing by l the prisin oT lift, d tbo 
pham of draugin, and n the number of locks in the flight, the 
total quantity of water, for tlie ascent of the boat, will be ropre^j 
sentcd by 



TIL + (n— 1) jd; 
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' In descending, on the opposite side, tlie boat will require a prism 
[of lift and one of draught at the first lock ; but lo enter ibe seo 

ond another prism of draught in addition will be required, and 
'Ihia entire quantity will be sufficient to take it through all tl.4 

temaining lucks ol the fliglit : this quantity will therefore b: k|j. 

waented by 

i + Sd; (8). 



■o llial for lh« enlire passage of the boat, the total enpenditure* 
will be represented by 

(«+'l)t + (7i+l)D. - <3). 

TKe flight, on one ajde, is thus Uft full afief the paSBage of 
ihe first boat, and on the other Bide, empty. If a second ooatj 
then, follows directly after the first, the prism of lift must be 
drawn from the lowc&t [ock to tdmit the boat, this prism is tlien 
Biipplied from ihe lock next above, and so on to the summit lev- 
el ; so that but one prism of lift will he drawn off for the ascent 
of this boat, and it will require one of lift, and two of drauglil, 
to carry it down the opposite flight If, therefore, the total 
number of boats which, follow in thla order, including the first, 
he represented by m, tlie total expenditure will be represent- 
ed hy 

{n-(-J)t. + (rt + l)D + (ra-l)aL + (m-l)3p. . (4). 

If tlie second boat, instead of following the first, arrires in 
the oppoeite direction, or alternates with it, the expenditure fof 
ila ascent will be represented by the formula ( 1 ), and for its de- 
scent ii will be nothing, aincc it finds- ihe opposite flight 611ed, 
ns left hy the first boat; but if the locks had been emptied, then 
llic passage of the second boat would have lalten place under 
Ihe same circumstances as that of the first. 

I; will be unnecessary here to go farllier into these calcula- 
tsons for the various cases that may occurr under tiie different 
circuiustances of passage of the boats or of empty or full flights ; 
the preceding gives the spirit of the method, and will ^ve llic 
means for entering upon a calculation to allow for the loss or 
gain by the passage of freighted or of empty boats, following 
any prcsoribed order of passage. These refinements are, for 
the most part, more curioua than useful; and the engineer should 
confine himself to making an ample allowance for the most un- 
favorable cases, both as regards the order of passage and the 
nuTubcr of boats. 

697. Feeders and Reservoirs. Having ascertained, from the 
preceding considerations, the probable supply which should be 
coI]ecied at the sumtnit level, the engineer will next direct his 
attention to the sources from which it may be procured. Theo- 
retically considered, all the waier thai drains from the ground 
adjacent lo the summit level, and above it, might be collected for 
its supply ; but it is found ui practice that channels for the con- 
veyance of water musl liave certain slopes, and that these slopes, 
nioTcorer, will regulate the supply furnished in a certain titne, 
all other things being equal. In making, however, the survey 
of tlie country, from which the water ts to he supplied to tha 
cammit level, all the ground above it should be examined, leav* 
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fag ibe detemuDuioD of the slopes for after coiiBidcratiaDS^ Tbc^^^ 
surr«y tor ihis object consists in making an accurate deltoealio^^l 
of all the waler-CDimes abore the summit l^vel, and in oscer*^^ 
taming ihe quaniily of water which can be furnished by each in 
, B given time. This surrey, as well as the measurement of ti 
iquaratily of water furnished by eac)i stream, which is tcnned Hv 

fauging, shoidd be made in Oie driest season of the year, in 
ei \o ascertain the BunimUm supply. 
fi9S, The usual method of coflecling the water of llie sourcei 
»nd conveying it lo the summit level, is by feeders and reset 
Toire- The feeder is a canal of a sniaU croas eection, wliich ia 
traced on the surface of the ground with a suitable sJope^ 
conrcy the water either into the reservoir, or direct lo lh< 
'summit level. The dimensions of the cross section, and 
longitudinal slope of the feeder, should bear certain relationa 
eacli other, in order that it shall deliver a cenain pupply in 
given time. The smaller the slope given to liie feeder, Uie !owc 
will be the points at which it will intersect the »uccc» of ^uppljr^ 
ajid therefore the greater will he liic quantity of water whidi 
will receive. This slope, however, has a practical limit, wide 
18 laid down at four inclica in liX)0 rords, or nine thousand 
lo one altitude; and the greatest slope sliouM not cjtceed 
which would give tlie current a greater ijicatl Velucily thnii thi 
teen inches per second, m order that ttie bed of the fcfder ma| 
not be injured. Fi^edcrf arc fumished, like ordinary canala*^ 
with comrivanccij to let olT a part, or the whole, of the water ii 
them, in cases of heavy rains, or for matuiig repairs. 

But a small proportion of the water collected by the feadc 
is dehvercd at llie re&en-oir; the loss from Tarious causes 
much grcaiur in them llian in canals. From obseiraitons 
on some of the feeders of canals in France, which Iinve been 
use fttr a iun^; period, it appears that the feeder of tlic Briar 
canal dulivers only about one fourth of the water it gulhers fr 
its sources of supply ; and that the annual toss of the tuu fee 
ers of the LvngucS?^ canal, amounts to 100 times the quaatiC 
of water which (hey can contain. 

699. A reservoir is a iargc pond, or body of water, held 
resei vc for the necessary supply of liie summit level. A. rest 
Toir is usually formed by chousing a suitable site in a deep: 
narrow valley, which lies above the auuimit level, and erecting : 
dam of earth, or of masonry, across the outlet of llie valley, 
lit Bome more suitable point, lo confine the water lo be rollccc: 
The object to be attained, in this case, is to embody the grcatei 
volume of water, and at the same time present the smallei 
evaporating siuface, at tl)s smallest C08t for the conatnicliun ol 
the dam 
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II IS gtneraJly deemed best Jo have two resonoiia for the flip-' 
ply, one lo conlain the grualcr quantity of water, and the other, 
tvnicli is lermed the disli'ibuliiig reservoir, lo regulate llie 8UJ>- 
ply to ihe sucnniil level. If, however, the stimaiit level ia very 
capacious, it may be iiseJ as ti;e Jislrihutiiig reser^-oir. 

The proporlioii bt;twccii ttic quantity of water tlial falla upon 

a given surface, ami lliat wliicli cho be collected from it for the 

supply of a reservoir, varies congiderabty with the lalJiade, the 

I season of the year, and the natural feaUires of ihe locafity. The 

■ is greatest in high latiuules. and in the winter and spring 

J with respect lo the iiiitural features, a wooded siiiface 

wnih narrow and deep valleys will yield a larfrer amount tlian an 

Dpen flal country, 

Bui few observations have been made on this point by engi- 
neers. From same by Mr. J. B, JcrvJa, in reference to the 
rescrvoirB for llie Chenango canal, in the stale of New York, it 
appears that in that locality about two fifths of the qiinnlity of 
nuJi may be coLcrled for Ine supply of a reaen'oir. The pnK 
portifln usually adopted by engineers is one third. 

The ]os3 of water from the reservoir by evaporation, fillratlon,. 
and other causes, will depend upon the nature of the soil, and 
Uie ejpusure of the water surlace. From observations made 
upon some of the old roaervoirs in England and France, it ap- 
pears ihat the daily loss averages about half an inch in depth. 

7(K\ The dams of reservoirs have been variously coiistriicted: 
^Kin some cases they have been naade entirely of earth, {Fig. 167;). 



ffl(> 1ST— Rrprcarnli tlio Bcctioo of ft dua mith Hum dlKhacsiiw oiit*er1a. 

A, bed* of ttje (Jiun. 

Bipond. 

a, a. a. ciilvtr^M, wiUi vaJvm at Ilieir InTtls, wliich lEwctiATKeinloths venicBl vet! i. 

r,<.r, KRKtvi'B.iiillie fucMOl' tlic niilc-'wnili, wliicli farm Lho entnincB to th« culvetUk 

loi Mofi-(ilHnl( 
4, atoir-iilanli dam ucmti tlie outlet of (lie bottom oidren, to dun tMwk the waitBr iols 

Om venicnl wfll. 
4^ panpH wkII lui (op o{ tliD dun, 

in otliers, entirely of masonry ; and in others, of earth packed in 
between several parallel etone walls. It ia now ttioiigitt best lo 
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use either earth or oiaBonry alone, according to tlie circwnl 
ttancea of the case ; tlie comp&ratiTe expense of tbe two inetl 
ods being carefully considered. 

Earthen dams slioiiM be made with extreme care, of the best 
binding earth, well freed ftom crcry tiling that might cause fil- 
trations. A wide trencli should be excavated to the firm »oiI, ti 
receive; the base af the dam ; and the earth should be carefulljn^ 
spread and raaimed iu layc^r& not over a foot thick. Ak a farth^^| 
preeaution, ii has in some instaaces been ihoughi necessary to^^ 

5 lace a stralum of the beat clay puddling in ihe centre of the 
am, reselling from ihe top to three or four feet helow the base. 
The dam may be from Hftecn to twenty feet thick at top. The 
slope of the dam towards die pond should be from three to six 
base to one perpendicular ; the reverse slope need only be sc 
what greater than llie natural slope of the earth. 

The slope of dams exposed to tlie water is usually fa 
■with dry atone, to nroteci ihc dam from the actiQP of the surfaos 
ripple. This kind ol facing has not been found to wilhstanl 
well the action of the water when sgiialed by high winds. Upon 
aomc of the more recent earllien dama erected m France, a facing 
of stone laid in hvdrauhc mortar has been substituted for the one 
of dry atone. The plan adopted for this facing (Fig,. 168) coa- 

Fift. iea~Rerirnmite the tnnhai 
of racinp th« ponil slope of t 

tlaiiE. W)lh lew WdUi |llM«dl> 

A, liody of the doco, 

n. n. a, low walk), the Taett «f 

wliich BTo hMJll iq ifff^a, 
b.b, lD(ieurrBire oflbe offKU bB* 

■liinr sliLbi taid in rtion^i. 
e, loj> of dun laced like Uw <£' 

wrtMb, 
4, parapet Wall. 

sists in placing a series of low walls, in offsets above each other, 
along the slope of the dam, covering the exposed surface of ■c^th 
offset, between the lop of one wall and tfie foot of the next, with 
a coaling of slah-sione laid in murlar. The walU are from fiff 
to six fe^l high. They are Carried Up in small ofiaeis ujkjh the 
face, and are made cillier vertical, or leaning, on the back. The 
width of the offsets rrf the dam, between the top of one wall and 
the foot of tlie next, is from two to three feet. 

All arched culvert, or a large cast-iron pipe, placed at some 
Buiiabie point of the base of the dam, which can be closed oi 
opened by a valve, will serve for drawing off the requiailB 
supply of^ water, and for draining the reservoir in case of te- 
paini. 

The culvert ahould be strongly constructed:, and 'the eutb 
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round it he well puddled and raniimeil, to prevent filtrations. 
c should be sufficient for a man to enter it with caae. 
The valves may be placed eillier al the entrance of the culvert, 
or at 8umc imennediate point between [ht two ends. Grea; 
care shouEd be taken in iheir arrangement, to secure 'llieui frora 
accidents. 

When the deptli of water in a reservoir is cnnsiderabte, several 
Culv«rl8 should beconstnieied, (Fig. 167,) to draw off (lie water al 
diflVrcnl levels, as tlie pressure upon the lower valves in this case 
would be very great when the reservoir la full. They may lie 
placed al inlervals of about twelve feet above each other, and be 
arranged to discliarge their water in a common vertical shaft. 
In this cascdt nill be wcU lo place a dani of limber at ihe outlet 
of llic bottom culvert, in order to keep jl filled nilh ivaler, to 
prevent the iryiirj* which the bottom of it might receive from tlie 
water discharged from the upper cnlverls. 

The side walla which reiain l)ic earth at the entrance to the 
culverts, should be arranged with grooves to receive pieces of 
KBntling laid hurizoiually between ihu walls, lenned stop-plaiiks, 
to form a tetMporary dam, and cut off tlie water of Uie reaejf- 
»oir. in case of repairs to the culverts, or to the face of tlie 
dain. 

The valves are small sliding galea, which are raised and low- 
ered by a ratk. and pinion, or by a square screw. The cross 
■ection of the culvert is coiiliacted by a parlilioii, cither of ma- 
Bonry or timber, al the point w3ierc the valve is placed. 

701. Dams of masonry are water-tight walla, of suitable fonng 
id dimensions to prevent fillmlion, and resist the piessure of 

Valor in the reservoir. The most suitable cross section is ihal 
of a trapezoid, the fate towards tlie water being vertical, and 
the exterior face inclined with a suitable batter to give the wall 
Hifficient $labjhty. Tiie wall $honId be at lea$t four feel thick 
tl tlie water line, lo prevent fdlralion, and tiiis tliickness may be 
inereased a^ eircumstances may seem to require. Buttresses 
should be added to the exterior facing, to give the wall greater 
•Ubtlily. 

702. Suitable dispositions should l>e made to relievo the dam 
from all surplus water during wet seasons. For this purpose 
B!Tatig<;meiii3 should be made for cutting off the sources of sup- 
ply irum the reservoir; and a cut, termed a wtiste-weir, (Fig. 
169,] of tiLiilable width and de|)[h should be mode al soniie point 
along the tcip of the dam, and be faced with stone, or wood, to 
give an outlet to the water over the dam. In high dams the 
total fall of the water should be divided into several partial, fallv, 
by dividing the exterior surface over which the water runs into 
onaets. To break the shock of i}ic water upon, ilis horizontal 
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of lltfi oSteU it ihouM be \e^ corered wilh ■ bIwM d 
water retained by a dam jikce*! acroM its outlet. 
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A. bo^j t4 I 

a, fop of tlw irastf^wpir, 

t. pal»l, f«nMil hy • «Ap-(tIftnk ilBm ai f , t* bnkk (h# rui of tM w«icf . 

■■ CBnnne of kuoD tume lu Ucok itic rail of Uia Mnrier fraui Um |mbI ^tan, 

703. In cxlensiTC resen-oirs. in whicli a large surfiicfl is es-l 
posed 10 the action of the wind?, wutcs inigbt be forced oml 
lite top of the dam, a.nd subject it to diingci ; in suclipaBes llal 
precaution should be taken or placing a parapet wall towilA'. 
ihe outer edge of the top of the dajR, and facing tliti tcip througl^ 
out with flat stones laid in mortar. I 

704. I,ifl iif locks. From the preceding observations on tittj 
espcndjlurc of «*aler for tlie sen-ice of the iiaiigaliuii, it appewi 
that isolalcil lix^ks arc more fai'orabl<^ under liiii point o\ rieW 
than loclta in Aights. The engineer is not, htpwever, always Isfi 
free to fltlcKl between the twc systems ; for llic fonii of thfl 
natural surface uf the ground may compel him to adopt a flight 
of locks at certain points. As to ibe comparative expense of Uie 
two inelljods, a flight la in most cases clicapirr iJian ihe same 
number of single locks, as there arc certain parl:^ of lh« masonry 
which can be eupprc-sacd. There is also mi ccuiiouiy id ihfl 
suppresMon of ihE^ sdiqI) gales, which are jioL iiee<]ed in flights. 
It is, hctwevcr, incrc difficult to aecur* the foundations of com- 
bined than of single locks from the eflecbj of llie water, which 
forces its way from the upper lo the lower level iindtr tho locks. 
Wiicrc an active trade la carried on, a double flij^ht is ^onietinKS 
arranged; one for the ascending, the olh(?r for liie descending 

iboata. In lliia Case the water which hllb auc lli^ht may, oflc: 
Ithe poHsagc of the boai, be partly used fur the other, by va 
rrungcmont of valves made hi the side wall seimraling Ihc 
cka. 

The lift of lockB is a subject of Lmporiaiice, huth ati rogarda 
the consiiiuption of water for the navigation, and the economy 
of cuimtruction. Locks with ^real lifts, as may be seen fruin 
the rcuKirka on the pasancj3 <if boais, consume nuire water iban 
tlioae with small lifts. Tliey rcquiri; also more ciU"e in thc'i 
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mebnictiiiil, to preserve them from accidents, owing to the great 

pressure of water against llieir sides. The pxpense of ronsLmc- 

ilDD in oitierwise in their favor; Uiat is, llit eipense wiii increaHe 

Slilh llie tola] nutnbt-r of locks, the heiglit to be ascended bcina 

the sam''. The smallest lifts are seldom Jess than five feet, anil 

-llie greaicsl, for ordinary canals, not over Iwelve ; mGdiuin liftB 

l£ seven or eight feel are considered tiie best under every point 

if view. Tliia is a point, however, which cannot be settled 

irbitrarily, as die nature of the foundations, the nnateriais tised, 

he embankment!* around ih« locks, the changes in the direction 

if the canaJ, caused by varyiog Uie lifts, are so many modifying 

liuse«, wliich should be carefully weighed before adopljng a 

iefinilivepUn. 

The lilts' of a flight should be the same ihroughoul ; l>ul in 
lolated locks the lifts may vary according to circumstances. If 
le supply of water from the siimmil level requires to be econo- 
Itized with care, the lifls of locks which arc furnished fTOta it 
nay be less than tbose bwer down. 

705. Levels. The position and the dimensLcins of tlie levels 
1U8I; be mainly determined by the form of ihi; natural surface. 
'hose points are naturally chosen to piss from one level W 

[Qotlier, or a.a the poSjlions for tlie locks, where there ia an al>- 
Upl change in ihc surface, 

A level, by a suitable modificalion of ils cross section, can be 
Dade as abort as may he deciued desirable ; there being but one 
point lo Le ntlended to in this, which iy, that a boat passing be- 
tween the two locks, at the ends of llie level, will have time lo 
ler either lock bpfore it can ground, on the supposition, ibat 
le Water Jrawu off to fill the lower lock, while the boat is ira- 
Tsiiig the level, will just reduce the depth lo the draught of die 
,U 

706. LocitE*. A lock {Fig. 170) may be divided into three 
itinct parti: — Ist. The pait included between the two galea, 

hich ia termed ll;e chamher. 2d. The pari above liic upp<;r 
tes, termed x\se fore, or head-hay. 3d, The part below the 
wer gates, lerm&d ibc aft, or tail-hay. 

707. The lock chamber must be wide enough to allow an 
y ingress and egress to (lie boats commonly used 011 the ca- 
; a surphia width of one foot over the width of the boat acro^a 

,e beam ia usually deemed sufficient for this purpose. The 
iglli uf the cliambcr should be also regulated by that of the 
lats ; it should be such, that when the boat enters tbc lock 
m llie lower level, the tail-gaics may be shut wiiliont rerjmring 

le boat to itnahip ils rudder. 

Tlie plan of the chamber is usually rectangular, as this form 
in every reapct^t, superior to all others. !n itic cross sectioa 
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iei ihe chamber, (Fig. 171,) the sides receive generally a slight 
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"baiter ; as when so arranged tliey are found to gire greater fa* 
cilily lo the passage of the boat liiaii when vertical. The bot- 
tom of the chamber is either flat or curved; more water wil] be 
required to fill the flat-bottomed chamber than llic curved, but il 
will require less innaonry in its constniclion. 

708. The chamber is leniiinaled just within the head gales by 
& Tcnical wall, the plan of which is usually curved. As llus 
wall aeparaiea the upper from the lower Jevel, il is termed the 
Irft-waU ; it is usually of ihe same height as the lift of ihe lev- 
els. 'I'liL' lop uf the hft-wall is formed of cut sloiie, the vertical 
joints of which are nomial lo the curved face of the wall ; ihie 
top course jirojects from six to jiine inches above the boiluiii of 
the Mpper level, presenting an angular pojiit, fur the boUoia of 
the heaci-sales. when shut, lo rest against. This is termed the 
mitre-sill. Various degrees of opening have been given lo ihe 
angle between the two brunches of iht niilrc-sill ; it is. however, 
generally so determined, that iho pRrpendicuhir of the isosceles 
triangle, formed by th« two brandies, shall var^- betwctn on* 
fifth and one sixth nf ihe base. 

As stt-ne milrc-sjlls are hable to injury from the shock of the 
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framing two strong beams with the proper angle fur ihc gate 
when closed, arnl securiag them firnify upon the mp of l!i(^ lift- 
wall. Il will be well lo place [he lop of the mitre-adt on the 
lift-wall a little lower ihun llic bultom of the canal, to preserve 
it from being struck by the keel of the boat on enlvring, or 
leaving the lock. 

709. The cross section of the chamber walls is usually Inipe- 
loidal ; the facing receives a slight baiter. The chamber walla 

42 
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ve e^ipoiicj to tvri opposite efforts ; The walet in the lock sc 

one side, and die umbaiiltmeitt against tlic wall on itie iitber. 
The pressure of llie einbank.menl is [he greater as well as llw 
more pcrmaEicnt effort of the two. The dimenBio'iis of llie wall 
must oe regiilatfd by this pressure. Tlie usual manner of doing 
this, is. to make the wiall four feci thick »t the water line of the ' 
upper IcTcl), to secure it against (iltraCton ; and then to dctemuMJ 
the base of ihc baEler, so that the mass of tnasonrv hI^iuII proseatj 
itullicieni stabjlily to counteract llic Iciidcjicy of the prcE$ure. 
The spread, and other dimeriBions uf the fouiidatiuus, will be 
Tegiilaled according to tJie nature of llie soil, in the &ame viizj\ 
as ill other structures. 

710, The bottom of the chamber, as has been elated, may be 
either Bal or curbed. The flat bottom is suitable to very linu 
Boils., which will neither yield to the vertical pressure of Uie 

J, chamber walls, nor admit l!i« water lo filter from the upjxr level 
under the bottom of the lock. In cilhcr of [he cotilraiy cases, 
the bottom sliould be- made with an inverted arch, as iJus form 
■will oppos-e greater resistance to the upward pressure of lb« 
■water under the bottom, and will serve to di&lribute the ncighcfl 
of the walls oyer the portion of the foundaiiijn tinder the afcb.™ 
The thickness of the masonry 5f ihe bollom wdl depend on the 
width of the cJiamhcr, and tlie nature of the suil. Were the 
soil a solid rock, no bottoming would be requisite i if it is of soft 
mud, a very solid boltoming, from three to six feet la tluckoes 
might be requisite. 

711. The principal danger to the foundittions arises from t!te 
water which may hller from tlie upper to the lower level, under 
the hollora of llic lock. One prevcnti-ic for this, but not an ef- 
fectual one, is to drive sheeting piles across the canal at the end 
of the head-bay ; another, whicli ib more expensiTc, but more 
certain in lis effects, cousisls in forming a deep Irench of two 
three feet in width, just under the h£ad-bay, and filling it wit 
belon, which unites at top wilh llie liiasunry of ihc head-liayj 
Similar trendies might be placed under the chamber were 
considered necessary. 

712. The lifi-wafl usitally receives the same thickness as 
chamber walla; but, unless the soil is very lijm, it would be 
more prudent to form a general mass of masonry under llie ef>«i 
lire licad-bay, lo a level wilh the base of the cLamber founds 
tions, of which ttissa the lift-wall should fomi a pari. 

713, The head-bay is enclosed between two parallel walll 
wbicli furm a part of the sidi; ^\alla of the Jock. They are lei 
minalcd by two wing walls, vi'iiicli il will be found most ec 
nomical to run back at right angles witli the side walls. A 
IX9«, termed the gate-chamber, is made .ii the wall of the hci 



CAKAL». 



331 



the wall, ao thai 
iiig; the Icjigth 



of this rcco93 should be sufficient, to allow the 
, 10 faC two or tlirec inches within ihc facing o( 
ir. may be out of the way wlien a boat is pass- 
_ of tlio recess should be a few inches more than 
ihe width of Uie gale. Tliat part of the recess where llie gate 
turns on its pivot is tcnncd ihe hoUow quoin; it receives what 
is lenned tlic heel, or quoiri'post of the gale, which is made of a 
suitable form to fit the hollow quoin. Tlie distance between the 
hollow quoins and the face of the lift-wall will depend on the 
pressure against llitj milrc-sill, and the strength of llie stone; 
eighteen inches will generally be found amply sufficieni- 

The side walla need not extend more Inan Involve inches be 
yond the other end of the gale-chamber. The wing walls may 
be extended back to the total width of the citnal, but tt will be 
more economical to narrow the canal near the lock, and to ex- 
tend Llie wing walls only about two feel into the banks, or sides. 
The dimensions of the side and wing walls of the liead-bay are 
legulaled in the same way as the chan:ibcr walls. 

The botlora of the head-bay is fljit, and on the same level witli 
ihe bollum of the canal ; the exterior course of stones at llie en- 
trance to the lock should be so jointed as not to work looSi?. 

714. The gate-chambers for the lower gates are made in llie 
chamber walls ; and it is to be observed, that the bottom of the 
chamber, where the gates awing back, should be flat, or be oth- 
erwise arranged not to impede the play of the gales. 

715. The side walls of the tail-bay are also a part of the gen- 
eral side walls, and iheu thickness is regulated as in the prece- 
ding casea. Their length will depend chiefly on the pressure 
which tliC lower gates throw against thcni when the lock is full; 
and partly on the space required by the lock-men in openiijg and 
shutting g&tcs manceuvred by the balance beam. A calculation 
must be made for each particular case, to ascertain the most 
suitable length. The side wafls are also terminated by wing 
Walls, similarly arranged lo [hose of the head-bay. The points 
of junction between the wing and side walls should, in both 
Cases, either be curved, or the sioneg at the angles be rtumded 
off. One or two perpendicular grooves are sonietiniea made in 
the side walls of the tail-bay, lo receive stop-planks, when a 
temporary dam is needed, lo shut off the water of the lower level 
from the chamber, in case of repairs, Aic, .Similar arrangements 
might be made at the head-bay, but they we not indispensablo 
in either case. 

The slrnin on the walls at the hollow quoins is greater tliau at 
anv other points, owing to ihc pressure at those poinls from the 
gates, when they are shut, and lo the action of ihc gates wh(x 
m motion ; to counteract this, and strengthen the walls, but- 
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Ixes»es ehould be placed at the back of the walls, in the moil 
&vora.blc positioD D^hind the quoins to subserve the object in 

Ticw, 

The bottom of the tail-bay is arranged, in all respects, like 
that of tlie head-bay. 

716. The to)) of the side walls of the lock may be from one 
10 two feet above the general level of the water tn the upper 
reach ; the top course of the masonry being of heavy laigc 
blocks of cut Btont;, alttiough this kind of coping is not indis- 
penaabk, as smaller masaes have been found lo suit the same 

fiurpose, but they are leas durable. As to the masonry of the 
t>ck, in general, it is only necessary to observe, that those psrtj 
alone need be of cut stone where there is great wear and tear 
from any cau»e, as at the angles generally i or wliere an acca- 
ralP finish is indispensable, as at tho hollow quoins. The Othor 
parts may be of brick, rubble, belon, dec, but every part should 
be Inid in the best hydraulic mortar. 

717. The filling and emptying the lock chamber have giveu 
rise lo various discussions and experiments, all of which hava 
been reduced to ihc comparalivt advintages of letting the walei 
in and off by valves made in the gates themselves, or by culverts 
in ihe side wails, which are opened and shut by valves. When 
the water is let in Ihrnugli valves in tlic gates, its eflccts on the 
sides and bottom of the cliamber are found to be very injurious, 
panicularly in high lift-walts; besides the inconvenience rwulv 
mg from the agilation of llie boat in ihe lock. To obviate this, 
in some degree, it has been proposed to give the hfi-wati the 
form of an inclined curved surface, along which the water might 
descend without producing a shock on the bottom. 

718. Tlie aide culverts arc small arched conduita, of a circu- 
lar, or an elliptical cros» section, which are made in the (osA 
of masonry of the sido-walls, lo convey tlte water from the ap- 

' per level to the chamber. These culverte, m some casr**, nin 
the entire length of the side walls, on a level wilti the bottom; 
of tlic chamber, from the lift-waL to the end of the lail-wall, and' 
have several outlets leading to the chamber. They are arranged 
[with two valves, one lo close the mouth of ihe culvert, at the 
lUDper level, the other to close the outlet from ihe chamber, to 
the lower level. This is, perhnps, one of the best arraiigemcnta 
for side culverts. They all present the same difficulty in umking 
repaint when out of oi ier, and they aje moreover very subjeci 
to accidents. They are therefore on these accounts inferior to 
TalvOB in the gates^ 

719. It has also been proposed, tn avoid the iuconveniencei 
of culverts, and the disadvaiiLagea of lift-walls, by iUppresain, 
the latter, and gradually increasing tlie depth of the upper levi 
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to the kollom of ihe chamber. This metliod presents a saving 
in the mas? of masonry, but the gates will cost more, as the 
bead and tail gates mual be of the same height. It would en- 
tirely remove the objection to valves in the gates, as l!iR rurrenl 
thirough thetn, in ihia case, would not be suScienlly strung to 
injure the masonry. 

720. The bottom of th« canal below the lock should he fit, 
Iccted by what is termed an apron, which is a covering of plank 
laid on a grillage, or else one of brush- wooii and dry stone. The 
tidea. should alao be faced with timber or dry alone. Tli€ lenglli 
of lliis facing will depend on the strength of tlie current; gene- 
rjly not more than from fifteen to thirty feet from the lock will 
require it. The entrance to the head-bay is, in some cases, 
similarly protected, but this is imneeessary, as the current lias 
but a very shght etTect at that point. 

721. Locks consLructed of timber and dry stcne, termed cnm^ 

fposite-lockst are to be met with on several of (Ue canals of the 
TJnited Slates. Tl»e side walls are formed of dry stone carefully 
laid; tlie sides oC ihc chamber being faced with plank nailed to 
horizontal and upright timbers, which are firmly secured to the 
dry stone walls. The waits reat upon a platform laid upon heavy 
bcani.'i placed transversely to the axis of the lock. The boLloDft 
of the chamber usually receives a double thickness of plank 
The quoin-posts and mitrc-sills are formed of heavy beams. 

722. Lock Gates. A lock gale (Fig. 179) is composed of iwo 
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leaves, each leaf consiStriig of a solid frame-work covtred on 
the side lowards the water with tliiek plank made water-tight. 
The frame usually consists of two uprights, of several horizon- 
tdl cross pieces let into the nprighis, and sometimes, a diagonal 
piece, 01 brace, uiieiided to ket;p the frame of &n itireu^ablo 
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Conn, is added. The upright, around which ih« leaf tuiii!, lenned 
ihe quoin or heel-post, is rounded off on tl)e back lo fit in ihe 
hollow quoin ; il is made fliightly eccentric with it, so tliat it may 
turn easily withosU nibliina against the quoin ; ils lower end rc»U 
PI) an iron gvd^con, m which it is Hned by a corresponding in 
denlalLon in an iron, sochei on ihe end ; the upper c^clreiaily If 
secured to ihe side walls by an iron collar, wiihin whicli ihc post 
turns. The collar is so a.rraTi£ed that it. can be easily fRsleiied 
to, or loosened froca two iron oars, termed onchor-irnns. whirii 
are fimily attached by boUs, or a lead sealing, to the top course 
of the walls. One of the anchor-irona ia placed in a tine with 
ihe leaf when shuc. ilie other in a line with it when open, lo re- 
sist most effectually th*; strain in lliose two positions of the gale. 
The opposite upright, termed the mitre^jiost, haa one edge ber- 
elled off, to fit against the milre-post of the other leaf of lie 
gate. 

723. A long heavy beam, termed .a. balance beam, from iu 
partially halaiicidg the weight of the leaf, rests on the quoin 
post, lo which il is secured, and is mortised with the miire post. 
The Iiiilancc beam shouUl be about four feet above the (op of the 
lock, la be readily manteuvred ; its principal uac being to open 
and sliiii ilie leaf. 

724. The top cross piece of the gate should be about on a. 
level with the lop of the lock ; the boitons cross piece should 
swine clea,r of the boUotii of the lock. The position of the in- 
termediate cross pieces may he made to depend un their dimen- 
aions : if they are of the same dinicnsiona, they should be placed 
nearer together at the bottom, aa the pressure of the water is 
there greatest ; bnt, by making tliem of unequal diincnsjona, 
they may be placed at equal distances apart ; lIhb, however, is 
not of much importance except for large gates, and considerable 
depths of water. 

The plank may be arranged either paraJlel to the uprights, or 
parallel lo the diagonal brace ; in the latter position iliey will act 
■with Ihe brace to preserve the form of the frame. 

725. A wide board supported on brackets, is often affixed to 
the gates, both for the inaaoHuvre of the machineiy of tlie valves, 
and to serje ae a foot bridge across ihe lock. The valves are 
small gales which arc arranged lo close the openings made iia ^ 
the gales for letting in, or drawing off the water. They are ar- ■ 
ranged to slide up and down in grooves, by the aid of a rack and " 
pinion, or a square screw ; or they n^ay be made to open or shut 

ty luniuig on a vertical axis, in which case ihcy ore termed pad- ^ 
me gales. The openings in the upper gates are made between f 
the iwo lowest cross pieces. In ihe lower gales the opeutiigii 
ue placed juat below the surface of the water in ike reaca. T 
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nse of lh« openiog will depenti on the tune in wliich it is v 
quired Lo fill the lock. 

»726. Accessory Works. Under this head are classed tlioag 
fonstructioas which are not a pari of tlie caiiai proper, nllhough 
geiKTalty found uccesfary on all canals : as ihc culvena for cuii' 
vcyrn^ oiTlhe water coiireeswhicliinteraect the line of the canaJ; 
the inlets of feeders for the supply of water ; aijucuuct bridges, 
ice. &•:. 

1727. Culverts. The disposiuon to be made of water coursea 
inUTsc Cling the line of the canal will depend on llieir size, the 
cha^acier of their curf ent, and the relative positions of tlie canal 
and stream. 
Small bio«k&whir:bi lie lower than ihe canal may be conveyed 
under it through an oidiiiary culvert. If the level of Uie canal 
and brook is nfearly the same, it will then be necessary lo make 
the culvert in (he shape of an inverted syphon, and it is therefore 
termed a broken-back culvert. Jf the water of ihe brook is 
generally limpid, and its currcat gentle, it may, in the last case, 
DC received into tfic canal. Tlie conimunicaiion of llie brook, or 
feeder, with the canal, ahoiild bo so arranged llial the water may 
be sliul off, or let in at pleasure,, in any (jiiantity desired. For 
tliis purpose a cut is made ibroTi^h ihe side of the canal, and ihe 
aidea and bottom of the out are faced with masonry laid in hy- 
draulic mortar. A shding gate, tilted iiHo two grooves made in 
llie side walls, is maneeuvred by a rack end pinion, so as lo reg- 
ulalE ihe ([uanlily of water lo be tct in. The water of ihe feeder, 
B or brook, should first be received in a ba-sin, or reservoir, near 
H the canal, where it may depi>.?ite its sediment before it la drawn 
H oG. In cases where the line of the canal is crossed by a torrent, 
which brings down a large qnntilily of eand, pebbles, &c., it may 
be necessary to make a permanent sLriiclure over the canal, funn- 
ing a channel for the torrent ; but if the discharge of the torrent 
is only periodical, a moveable chrnnnl niny be arranged, for the 
same purpose, by constructing a boat with a deck and eidcs lo 
form the waler-way of the torrcni. The boat is kept in a recess 
in the canal near the point where it ia used, and is floated to its 
position, and sunk when wanted, 

728. Atfucducis, ^c. Wlien the line of the canai is intersect- 
ed by a wide waler-course, the communication between the two 
ahorea must be effected either by a Canal »qiieducl bridge, or by 
■ the boats descending from tlie canal into ihe stream. As the 
■' consjtnKli&n of aquediact bridges b»s alreBdy been cmnsidercd 
noliiing farther on this point need here be -idJed. "^rhe cxpe 
diem of crossing ihe stream by the boats raa) be »i'enited wit* 
many grave inconveniences in water courses 'i-ihl' 'c fTOi\tfi- 
to considerable vaiiatieni. of .'cvcl at diffcreit' »B4>4,->nv I* 



3:>A 



cur ALB. 



these cases locks inuat be so arranged on each side, where ihe 
canal enters ihe stream, that boals may pass from the one to tlie 
oUier under nil circumstances of difference of level between ihe 
two. The locks and the portions of the canal which join tlie 
8»eam muat be secured against damage from frcsheu by suita- 
ble embankments ; and, when llie summer water of the etrcam 
is so low that the navigation would be impeded, a, dam across 
the stream will be requisite to secure an adequate depth of water 
during tilts epoch. 

72y. Ca/mi Bridges. Bridges for roads ortr & canal, leriacd 
canal-firidges, arc constructed like oiher structures of the same 
kind. In planning ihcm the engineer should endeavor to give 
sufficient heiglit to the bridge to prevent those accidents, of but 
too frequent occurrence, from persons staiidirg upright on the 
deck of the passage-boat while passing Under a bridge. 

730, Wastf-Wier. Wasle-wiers must be made along the 
levels to let off the surplus waler The best position for them 
is at points where ihey can discharge into natural water courses. 
The best arrangement for a waate-wier is to make a cul through 
the side of tlic canal to a, level with the bottom of it, so that, in 
case of necessity, the waste-wicr may also serve for drainijig the 
level. The sides and bottom of the cut must be faced with ma- 
Honry, and have grooves left in them to receive stop-plank, or a 
sliding gate, over which the aurpUis water is allowed to flow, 
under the usual circumstaucea, but which can be removed, if it 
he found necessary, cither to let off a larger amount of water, oi 
to drain the level co^mpletely. 

731* Temporary Dams. In long levels an accident happen- 
ing at any one point might ca.uBe serious injury to the navigation, 
besides a great loss of water. To prevent this, in aome meas- 
ure, the width of iJie canal may he diminished, at several pomu 
of a long level, to the width of a lock, and the sides, at these 
points, may be faced with masonry, arranged with grooves and 
stop-planks, to form a. temporary dam for shutting off the water 
on either side. 

732. Tide, m Guard Lock. The point at which a canal en- 
ters a river requires to be selected with judgment. Generally 
speaking, a bar will be found in the principal waler course al, 
or below, the points where it receives its affluents. When the 
canal, therefore, follows the valley- of an affluent, its outlet 
should be placed below tlje bar, to render its navigation perma- 
nenily secure from obstruction. A large basin is usually formed 
at the outlet, for the convcniencc^of commerce ; and ihc entrance 
from this hasin to the canal, or from the river to the hasin, 13 ef- 
fected by means of a lock with double gates, so arranged that a 
boat can be passed either way, according as Uie level in the one 
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w higliftr or luwer than that in the other. A lock so arr.inged is 
lennicd a tide, or guard lock, from its Udeit. The poaitiun of 
the lalE of this lock is not indifferent in all cases wbere it fonna 
the outlet to the river ; for were [lie tail placed up slrenni, it 
would be more difficult to pass in or out, tlian if it were down 
stream . 

733. The general dimenaions of caiixle and their locks in this 

country and in Europe, with occasional exceptions, do nol differ 

in ;my considerable degree. 

^m English Canals. Two classes of canals are lo be met with in 

^■England, differing materially in their dimensions. The folluwing 

" are the usual dimensions of the cross section of Uie largeet size, 

Ihod those of iheir locks :— 
Width of seclion at the water level, fixim 36 to 40 feet. 
I Width at botiom, . . , , S4 '^ 
I Depth, 5 " 
Length of lock between mitre-sills, 75 to 85 " 
Width of chamber 15 " 

The Caledonian canal, in Scotland, which connects Loch-Eil 
on the Western aca with Murray Firtii on the Eaalcm, is re- 
markable for Its size, which will admit of the passagG of frigates 
of the second clasa. The folkiwing are the principal dimensions 
«f the cross section of the canal and its locks ; — 

I Width of canal at tlie water ierel, . 1 10 feet. 

"Width at bottom, .... 50 '♦ 
Depth of wattr, .... 20 " 

Width of berm, 6 " 
Length of bck between mitre-siUs, . 180 " 

Width of chamber at top. . . . 40 " 
Lift of lock, 8 " 

The Bide walls of the locks are built with a curved batter; 
they are of llie uniform thickness of 6 feet, and are strengthened 
by counterforts, placed about 15 feel apart, which arc 4 fcotwidu 
and of the same ihickiiess. The bottom of llie chamber ia form 
ed with an inverted arch. 

French Canals. In France tlie following unifbrni system has 
,been established for tiie dimensions of canals and their locks ■-• 

Width of cana! at water level, 

Width at bottom. 

Depth of water, 

Ijength of lock between mitre-sillB, 

Width of lock, . . * . 

The boats adapted to these dimensions are from 105 lo 108 
Imi long, 16^ feet acrosa the beam, and haTendraiight of 4 feci. 

43 



52 feet. 

33 to 36 " 

5 " 

115 " 

17 " 



The Engliahand French canaJs iiBually have but oae tow-polh 
which IS from 9 lo 18 feet wide, and about g ftel abo»e tlie vn 
ler level. The side of ihe tow-palli embankiuenL nejxt to tfa« 
Water-Way, is usually faced either with dry ston«, maBoiuy, oi 
planks rgtained by short piks. 

CanaU of the United Stales and Canada . The original dl 

, DNisioiis of ihe New- York £nc canal and its locks, hiive been 

generally' luiopied for similar works subsequenity cunslnicied in 

most of ilie oilier states. The dimcnsiooe of this caaal and itl| 

locks are as follows : — 

Width of canal at top 40 feet. 

Width al botiom, .... S8 " 

Depth of water, 4 ** 

Width of tow-piitb. . . . . 9 to 12 " 
Length oriocks between mitre-sillft, . ftO " 

Width of locks 15 

For the enlargement of the Erie canal, the following 
■ions have been adopted : — 

Width of canal at top, . . . . 70 fe 
Width at bottom, .... 42 

Deplh of waier, 7 

Widtli of toW-[jath, .... U 

LcngUi of locks between mitre-sills, . 1 1 
Width of lock at lop, , , , )8.8 

Width of lock at boiiom, . . . 14.6 

Lift of locks, 8 

Between the double locks a culrert is placed, which allowi' 
the water to flow from the level above the lock to the one below, 
when lliere is a surplus of water in the former. 

A well, or pit, is left between the lift-wall of the lock and tlie, 
, Erosa wall which retains the earth at the head of the lock lo 
I level of the bottom of the canal. This pit, receiving the deposit 
I of sand and gravel brought down by the ctirreiit, prevenla it froB 
obstructing llie play of the gates. 

On the Chesapeake and Ohio canal, the cross Aectioa of tbft 
canal below Harper's Feiry has received the following dimeD- 
^•ions : — 

Width of canal at top, .... 60 feet. 

Width al bottom, .... 42 " 

Depth of water 6 " 

Length of locks between mitre-Bille, . go *' 

Width of locks, IS " 

The following dimensions have been adopted on the JxamJ 
lirer canal, in Virginia : — 
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WiJi]i of canal ai lop. 
Width al boirom, 
Depth of water, 
Length of locka, 
Widlh of iocka, 

he Hideaw ca 



SO feel. 

30 " 

5 " 

100 " 

IS " 



il, whjch connects Lake Onlflrio wiih the 
River Ollawa, ia arranged for steara navigation, A considerabla 
portion of lliis linn consists of slack-waler navigation, formed by 
connectiiig ihe nuluraJ water-course b between the outlets of tJie 
canal. Tiie length of the locka on this canal ia 134 feel between 

Illie raitre-sills, <-ind Their widtli 33 feet. 
The WcJland canal, between lakes Erie and Onlario, as origin- 
klly conslrucled, received the following dimensions : — 
. Widlh of canal at top, .... 56 feet. 
[ Widtli at bottom, .... 24 " 

f Depth of water, 8 " 
Leiigili of locks betwen mitre-aills, . UO " 

Width of iocka 22 " 
The canals and tocka made to avoid the dangerous rapids ol 
the .St. Lawrence are in all respects among the largest in tiie 
world. The following are the dimensions of the pcrlion of the 

I canal and tln3 locks between Long Sault bjmJ Cornwall: — 



Width of canal at top, . * . . 132 feet. 
Width at bottom, .... 100 " 

Depth of water, 8 " 

Widlh of law-path, .... 12 " 

Length of locks between mitre-sills, . 200 " 

Width of locks at top, . . 5i).6 " 

Width of ifHiks at bottom, . . . 43 " 

A berin of 5 feet is left on each aide between the water way 

and tlie foot of the interior slope of the low-path. The height 

^of the tow-path is 6 feet above the beim. By increasing the 

_ ieplh of water in tlie canal to 1 feet, the water line at lop cm 

'be increased to 150 feet 
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'itatB iB Moe hke, or scs, nieiT bob aie mod' 
bjAeaMMB at limwai ol tfac taBer* ■ *^Bcb ibcTbe, 
■H ibe vo^eibo of nsr liuikmi aie iMiriBn by toe mbc 
CMMM. Nettfbivioane^lkcirb«tletfcnn*UTTedcy,tn<egabr, 
■■now, vn Mec& ■■! mtvcai-iuMs arc r^wL Appmachng 
ibeir ««deli, the Deds beedae widcf hrI moR regoiar, Uw de- 
c&ri^kai^aad llKCBncal man grnrie «nJ tuufona. In Ibe 
■MMrpanam of dMberfPrlfaeirdirnxiai n non direct, and the 
■b Hwic tiBM net wilfa uv ^muI^ otf'ft pcmagDeol chvacter, am- 
ng (ram the ineqiiiEbes of dw botloai. In the lower portMU^ 
ihe bed« tamaae a won lattBova eoura^ vrmitiac ihraagfa Uieir 
¥sBcf>, and lonmag ihoae alimpt bends, lennea eibovs, which 
MCB mbiecl 10 BO 6ted laws ; and here arc foood those ob> 
itractiaaa. of a own diangeable cbaiacier, Urmcd Ixm, wbkii 
Bfe caoaed bjr depontes in the hed, aiisii^ from ihe wear of As 
Iwi3l« brdw cvnent. 

T35. The relaiions which are found to exist between ihe cron 
■eciion of a rirer, its longitndina! slope, the nature of iu bed, 
and its Tolume of water, are lenned tlie re^mCn of the riTCf. 
When thew relations remain permaneotir inTaiiable. or change 
insemibijr with time, the nrer i& said to have ajixtd rtgimen. 

736. Most riTers acquire in time & fixed regimen, althon^i 
periodically, and eomeUines accidenlaUy, subjccl to changeC-j 
vava. fcci^hets caused bjr ilic melting of snow, and heavy falls 
rain. These variations in the rolume of water ihrown into 
bftd, cause corresponding changes in the Telocity of the current, 
and in the form and dimensions of the bed. Thet<e changes will 
depend on ilie character of the soil, and the width of the vaJley. 
In tiftrfow valleys, where the banks do not readily yield to the 
action of the curreni, the cffecU of any rariaUon of ■velocity will 
only be Ipmporarily to deepen Ibc bed. In wide valleys, wlier* 
the noil nf the lianltB J9 more easily worn hy the current than the 
botlnui, miy iricjeawc in the volume of water wilS widen the bed; 
htid if (Jiic bunk yicldti more than llic other, an elbow will bti 
fomir'd. {irii! tli'U positiun of the bed will be gradually shifted to* 
wudi UiQ concave side of tbe elbow. 
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737. The formalion of elbows occasions also variations hi the 
depth and veloi^ily of the Walcr. TJie grealcal deptli is found 
II the concave side. At llic straight porlious which coiinecl two 
elbows, the depth is found lo dccreasp, and the velocily cf llie 
current to lucrease. The bottom of tlie bed thus preseiils n sc- 
ries of \i lid ulai ions, forming shallows and deep pools, wiih rapid 
uid genlie currents. 

73S, Jiars arc formed at those points, where from any cause 
the velocity of llic current receives a sudden check. The 
particles suspended in the water, or borne along over the bottom 
of the bed by the currenl, are deposited at those points, aiid con- 
liitue to accumulate, until, by iho gradual filling of the hctl, tlie 
water acquires sufficient velocity lo bear farther on the panicles 
that reach the bar, when the river at this point acquires and re- 
tains a fixed regimen, until disturbed by some new cause. 

739. The points al whicli these changes of velocity usually 
—^ take place, and n«ar which bars arc found, are at the junction of 
B a river with its affluents, al those points where llic bed of the rivet 
■ receives a considerable increase in width, at the straight portions 
H of the bed between elbows, and at the outlet of the river to the 
' flea- The character of tlio bars will depend upon that of (he soil 
of the banks, and llie vekicily of the current. Generally apeak' 
jng, the bars in the upper portions of the bed will be composed 

I of particles which are larger than those by which they are formed 
lower down. These accumulations al the mouths ot large rivers 
form in time extensive shallows, and great obai ructions to ilia 
discharge of the water during the seasons of freshets. The river 
then, not finding a sufficient outlet by ihe ordinary channel, ex- 
cavates fur Itself others through the most yielding parts of the 
dcposites. In this manner are fonned those features wliich char- 
acterize the outlets of many large rivers, gnd which arc terraed 
delta, efler the name given to the peculiar shape of the outlets 

• of Llie Nile. 
740. River Improvements. There is no subjecl thai falla witli- 
iii the province of the engineer's art, ihat presents greater diffi- 
cuUies and more uncerlain tiisues than the iniprDvemcnt of rivera. 

»,£ver subject lo iinportaiU changes in llicir regimen, as tlic re- 
gions by which they are fed are cleared -if their forests and 
brought under cuUivation, one cealury sees them deep, flowing 
with an equable current, and liable only to a gradual increase in 
Volume during the seasons of freshets ; while the next finda theii 

■ beds a piey to sudden and great freshets, which leave dicm, aftci 
their violent passage, obslrucled by ever shifting bars and elbows. 
Besides these revolutions brouglit about in llic course of years, 
every obsiruclion temporarily placed in iho way of the current 
every atlcmpt to guard one point £rom its action by any arliiicisl 
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means, ineTJublv produces some coiresponcling changjc a1 anotlicr 
which <^B.n s*loom be foreseen, and for wliicli ihe remedy applipil 
m;iy prove but a new cause of harm. Tlius, a bar n^inovrt! from 
one poinl is foimd gradually lo form lower down ; one bank pro- 
Iccted from the currcnt'a force transfers its action to tlic oppoeite 
one, on any increase of volume from freshets, widciiiiip ttie bnj, 
and frcquendy giving a new direction to ihc channel, iiwiiig ic 
these ever vaiying causes of change, the best weighed plans of 
river impBOvemenl sometimes rosiih in complete failure. 

741. In forming a plan for a. river impravcmenU the principfil 
object* to be considered by the eiigiuecr, are, Isl, The mctiis tc 
be taken 10 ptgtcct the banks from the action of the current, 

[Sti, Tliose to prevent inundations of tJic surrounding coiinliy. 
3d, The removal of bars, elbows, and otiicr natural obstmclions 
to navigation. 4th, The means to be reaorled to for obtaining i 
suitable depth of water for boats, of a proper tonnage, for the 
trade on ihc nver. 

742. Means for pTottct.ing the banks. To protect the batiks, 
either the velocity of the cutTcnl in-ahore must be decieased so 
B8 (o lessen ila aclton on the soil ; or else n facing of some fua* 
lerial suflicienlly durable lo resist iIb actinn must be employed. 
The former inolhod may be used when tJie banks arc low and 
have a gentle dcchvily. The simplest plan for lliis purptise con- 
Blftte fiilllDf in planting such shrubbory on the declivity as will 
thrive near water ; or by drivin|,;down short pifkela und interfa- 
cing them with Iwigs, furniinijakind of wicker-work. Those eoiv- 
ainicticiis break tlw force of the current, and diminish il^ velocily 
near ihe shore, and thus cause ihe water to dcp«isiie its finer par- 
ticles, ^vhich gradually till out and strenglhcti the hanks. If ihe 
banks ore hicli, and arc subject to cave in from the action of iLe 
current on their base, ihey may be either cut down to a gent]< 
dechrity, as in the last case ; or tt\se they may receive a alo 
of nearly ■15°. and he faced with dry slone, care bein^ taken 
aecure the base by blocks of loose stone, or by a facing of brush 
and stone laid in alternate layers. 

743. Measures agatnsl inundations. At tlie points in the 
course of a river where inundations are to be apprehended, tlifl 
walcr-way, if practicable, shoidd be increased; aj| obHiruclionsH 
to the free discharge of the water below the point should be r»-^ 
moved ; and dikes of earth, usually larmed levtes, sliould be 
raiMd on each side of i!io river- By increasing the water-way & 
temporary improvement only will be cflected ; for, except in the 
season of freshets, the velocity of the current at tins point will bl^M 
to much decreased as to form depositea, wliich, at some fulurdH 
day, may prove a cause of damage. In confining the waler be- 
tween levees, two mctliods have been tried ; the one consists i£ 
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r-wny strictly rtcce-ssary fur th? discharge of fresh 
eta ; iKc oilier in giving the stream a wide be«l. The Po in Italy 
ind vbe MissiBsippi present examples of the -ormer method; the 
effect uf wiiicii in both caaea liaa been to laise the bed of the 
slTea/n so mucli that in many parts the water is liabitualty above 
tlie natural surface of the cmmtry, leaving it exposed to seriuiii 
:iiun<ialioij3 shouM the levees gi^e way. The other method 
flas been tried on the Loire in France, and ohscrvalion has 
aroved that ihe general level of the bed has not sensibly risen 
For B long scries of years ; but it has been found that the bara, 
["Which are formed after each freshet, are shifted conslnnlly by 
the next, so tliatwlieii the waters have sub.sid'cd to their ordinafy 
state, the navigation is extremely intricate from this cause. Other 
means have been tried, RUch as opening new ehanncls at the ex- 

EBed points, or building dams above them to keep the water 
ck ; but ' " ' ' ~ - - 
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ihcy have all been found to afford only a temporary 



744. Elbows. The constant wear of the bank, and shifting 
Df the channel towards the concave side of elbows, have led to 
rarious plans for removing the inconveniences which they pre- 
seiil to nuvigalioii. The melhad which has been most gentrally 
tiied for this purpose consista in huildingoui dikca, termed it'in^- 
Jtjns, fiom tlie concave side into the stream, placing iheiii either 
at nght angles to the thread of the current, or oWicjitely down 
lAtWun, so as to defect the current towards the opp^ite shore 



Vlt. 174— R'[>riiiw-iil(iiiwtIiuiM>riti('1iiiili-'r Willi!' Jtiiii'i "Ik lt>[' J'ii,tuniiiuli<r|>ltLiik nsUaii 

on ttie liidiiii'il |iili-i'<-.i 0) llicnin. 
t^ttutlii; iiicliiuvl luL-rDor tlie il«m. tlie Hnt iDablnt! au aneiaoTiU", atul Uwn^^od 

«f Ul" Willi UlP Ill'tllDII. 
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Wing-dams arc usuallj' conslructcd cither of blocks of stone 
.>f criit-work formed of heavy timbers filled in with broken stons 
m of alltmale layers of gravel and fascines. Wiihjn a few yean 
back, winy-dnnis, corisisiing eiraply of a aeries of vcnical fnimea, 
or ribH, (I^ig. 174,) strcinjifly coniiccled togellicr, and covered on 
llie up-sLrcam side by ihick plank, which prcsetil a broken )&• 
cliiieu plane La the current, the lower part of wbicU is lens steep 
than the upper, have been used upon the Po, with, it is alatea, 
coni|i]clc success, for arresting ihe wear uf a bark by ihe cm* 
retil. These dains are placeaat some distance above ihe point 
to be protected, ajid their plan is slightly convex on the up-9iream ■ 
side . W 

Wing-diTEis of tiic ordinary form and constnittion are now 
reeardcd, from the experience of a long series of years on tbe 
Rhill^, and some otber rivers in Europe, as httJe serviceable, if H 
not poaitivcly hurtful, as a river iinproveilieat, and the abandon- ^ 
metil of their use has been strongly urged by engineers in France. 

The action of ihc current againel flie side of the dam causes 
whirls and countcr-curreiiis, which arc found lo undemiine the 
base of the dam, and the bank adjacent to it. Shallows and Ian 
are formed in the bed of the alreani, near the dam, by llic debria 
borne along by tJie current after it passes the dam, giving very ■ 
frequently a more tortuous course lo the channel ihan it had na- ^ 
turally assumed in llie elbow. The best method yet found of 
arpesling llie progress of an eibow jg (o protect the concave bank 
by a facing of diy stone, formed by throwing in loose blucks of 
stone jiloiig the loot of the bank, and giving them tlie slope \iiey ^ 
naturally assume when Uiua Uirown in. ^ 

745. Elbows upon most rivers finally reach tliat state of de- 
velopment in whicli the wear upon ihe concave side, from the 
action of the current, will be enlirely suspended, and llie regi- 
men of the river at tliese points will remain stable, This state 
will depend upon the nature of the soil of the banks and bed, 
and die character of the freshets. From observations made upon 
the Rhine, it is stated that elbows, with a radius of curvature of 
nearly 3000 yards, preserve a fixed regimen ; and that the banks 
of those which have a radius of about 1500 yards are seldom 
injured if properly faced. fl 

746. Aiieinpts have, in some cases, been made to shorten and" 
straighten the course of a river, by cutting across the tongue of 
land ihnt forms the convex bank of the elbow, and turning the 
water into a new channel. It has generally been found thai the 
»trcani in time forms for itself a new bed of nearly tbe saute char 
ftcter as it originally had. 

747. Bars. To obtani a eufficient dcplli of water over bars, 
ibedepoaile rnuat eitlicr be scooped up by machinery, and 
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j'cd away, »r be removed by giving an increased velocity 
to the ciiirenl. Wben the latler pliin is preferred, an artilidiu 
cliannel is forraed, by conlracting tlm natural way, coiJining i! 
between two low dikes, which sliould rise only a Silllc above the 
ordinary lev&l of low watcr^ so thai a sufficiejit outlet tnav be left 
for the waler during the season of freshets, by iillowirig it to [low 
over the dams. 

If the river sepa.rates into several channels at the bar, daina 
should be built across all except ihe main channel, so thai by 
throwing the whole of the water into it ihii etfecls of the current 
may be greater upon the bed. 

The I onfiiludiaal dikes, between which the main channel is 
confined, ahould be placed as nearly as practicable m the direc- 
tion which the channel has naturally aasumed. If it be decined 
advisable to change the position of the channel, it should be shift- 
ed to that side of the bed which will yield mosl readily to the 
action of ihc cnrrcnt. 

74W. In siLualions where large re.aenoira Call be formed near 
the bar, the water from them may be used for removing it. Foi 
this purpose an otillel js made from the reservoir, in ihe direetion 

■ of llie bar, which is closed by a gate that Mima upon a vertical 
Bxia, and is so oirranged thai it can be suddenly llirown open lo 
let off the water. The chase of water formed la this Way sweep- 
ing over the b;irwil! prevent the accumulation of dcpasitea upon 
it. This plan is freqnenlly resorted to in Europe for the removal 
of HepoaiiPB that accumuUite at the month of harbors in those lo- 
caliiiee where, from the height to which the tide rises, a great 

■ Lead of wiLer can he obtained in the reservoirs. 
749. In the improvement of the mouths of rivers which emjily 
into the sea through several clinimejs, no obBiruction sliould be 
ilflced to iJie free ingress of llic tides through all the channeja, 
the main channel is subject lo obstiuctions from deposiles. 
dams should be built across the secondary chnimeU, which may 
be so arranged with cms through llicni closei! by gales, ihal the 
^flood-tide will meet with no obstruction from the gales, while the 
^■♦bh-lide, causing the galea to close, witl be forced to recede 
^Vliiruugh the main channel, which, in this way, will be daily 
H ftcoured, and freed, from depositcs by the ebb current. The same 
objecl may be effected by building dams without inlets across 
the secondary channels, giving them such ii iieigbi dial iit a cer- 
tain stage of llie flood-tide, tnc waler will flow over them, nnd 
fill the channels above the dams. The portion of water thus 
dammed in will be forced through the main eh^nne! at the ebb. 

750. When llie bed is obalructed by rocks, u may be dee|}encd 
liy blasting the rocks, and removing the fragments with the a»* 
nitaiice of the diving-bell, and other inachtnery. 
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T!>1. In «onD« of our rivers, obslrucliMis of b Tcry dangeron* 
eh&tac;er to boats are m«i with, Jii the trunks of Ufge trees 
urhicti are imbedded in tlie boltom nt one end, while the other u 
near ihp surface ; tbey are teniied ijiags and sawyers br ih* 
boatmen. Tliese obstructions have l>cen very successfully n 
moved, within Ulc years, by means of machinery, suid by pro- 
pelling two heavy boats, moved by steam, which are connected 
.y a clrong beam across their bows, so that the beam will atiikr 
tbe snag, and either break it off near the bottoia, or upnxx it 
Other DbalructiDna, termed fn/is, formed by the &ccunitilaii«n of 
drifi wood ai points uf a river's course, arc also found in some 
of our western rivers. These are also in process of removal, by 
culling through them by various mean? which have been found 
Bucceasfiil. 

75S. Slack- Water Navigation. When the general d*pih of 
water in a river is irtsufficienl for the draught of boats of the 
most suitnble size for the trade on it, an improvement, termed 
slach-walcr, or lock and dam navigation, is resorted to. This 
consi'iCs in dividing lhi3 course into several suitable ponds, by 
formlDg daiii$ to keep the wuler in tlic pond at a constant bead ; 
and by pa»»ing from one pond to another by locks at the ends of 
the dams. 

75!), The poBition of the dams, and the number requisite, wiU 
depend upon the locality. In streams subject to heavy freshets, 
it will ^encr^Uy be advisable to plaee the dams at the widest 
parts of llie bed, to obtain Uie greatest outlet for the water over 
the dam. The djiins may be built either in a slraiglil line be- 
tween the banks [ind perpcndiciiiar to the tlireEid of the current, 
or they may be in a straight line oblique to the current, or their 
plan may be convex, the convex surface being up stream, or it 
may be a broken line presenting an angle up stream. The three 
last forms offer a greater outlet tlian the first to the water that 
flows over the d&m, but are more liable la cause injury to \ht 
bed below the stream, from the oblique direction which tlie cur- 
rent m I V ripcejve, arising from the fcirni of ihc daoi 4T top. 

7rjl. The cross ucction of a dam is usually trapezoidal, the 
facj up-stream being inclined, and the one Jown-stream either 
TciUcal or inclined. When the down stream face is veilical, the 
velocity of the water wliich flows over the dam is destroyed by 
the shock against ihc water of the pond below the dam, but 
whirls are formed which are more dcslnictive to the bed than 
would be the action of the current upon it along the inclined face 
of a dam. In all ca&ea the ^idcs and bed of the stream, for some 
distance below the dam, should be protected from the action of 
ih? current by a facing ol dry stone, limber, or any oiiiCr Coa- 
etructiun of sufiicienl dkirability for llic object in view. 
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755. TTie dams shocid receive x s:5ci«: beirfii Obij M 
maiDtain the ieqm5he dej:<3 cl wiicr ii: lie pcods for ifce pai 
ooses of navtsatioQ- ALt maieml a: hainl. cffensg sufficient 
durabilitr against the actc-n c( ih* wiler. zuv be restated to ia 
llieir construction- Dams o:" al-eisale '.^ytrt of brush aad graTel, 
with a facing of plank., fascmes. cr err 5:.:3e, answer xerv weD 
in gentle currents. If the cam is cxjx»eti :o heavy freshets, to 
stocks of ice, and olher heavy fi.-^iir.g t-;«i:es, as drifi-wocd, il 
would be more prudent to fonn :: of dry stone entirely, or of 
crib-woA filled widi stone = or, if the Ia£t malerial cannot be ob- 
tained, of a solid crib-work alone. If the dam is to be made 
waler-tigbt, sand and eraTel in sufficient quantity may be thrown 
in against it in the upper pond. TTie points where the dam joins 
the banks, which are termed the rooij of the dam, require par- 
ticular attention to prevent the water frAn filtering around them 
The ordinary precaution for this is to build the dam some dis 
tance back into the banks. 

756. The safest means of communication between the ponds 
is by an ordinary lock. Il should be placed at one extremity of 
the dam, an excavation in the bank being made for it, to secure 
it from damage by floating bodies brought down by the current. 
The sides of the lock and a portion of the dam near it should be 

aised sufficiently high to prevent them frtnn being overflowed 
by the heaviest freshets. vS~hen the height to which the freshets 
nse is great, the leaves of the bead gates should be formed of 
two parts, 38 a single leaf would, &om its size, be too unwieldy , 
the lower portion being of a suitable height for the ordinary man 
ceuTies oilhe lock ; the upper, being used only during the fresh- 
ets, are so arranged that their bollora cross pieces shall rest, 
when the gates are closed, against the top of the lower portions. 
As arrangement somewhat similar to this may be made for the 
tail gates, when the Ufis of the locks are great, to avoid the diffi 
culty of manceuvring very high gales, by permanently closing 
the upper part of the entrance to the lock at the tail gates, cither 
by a wall built between the side walls, or by a pennanent frame* 
work, below which a sufficient height is left for the boats to pass. 

757. A common, but unsafe method of passing from one pond 
to another, is that which is termed flashing ; it consists of a 
sluice in the dam, which is opened and cidsed by means of a 

fate revolving on a vertical axis, which is so arranged that it can 
e manceuvred with ease. One plan for this purpose is to divide 
the gate into two unequal parts by an axis, and to place a valve 
of sucii dimensions in the greater, that when opened the surface 
against which the water presses shall be less than that of the 
smaller part. The play of the gate is thus rendered very simple ; 
when the valve is shut, the pressure of water on the larger sur* 
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the sides of tbe sluice ; 



the 



face closes it against 
opened, ihe gale awingit ruiind and takes a position in ihe ilirei* 
Lion of the currem. Various olbcr plans for flashing, on eimil'J 
principles, arc to be met wiih. 

758. When the ob'slnieliou in a river cannot be overcome by 
any of the precctJing means, as for example in tliose considerabls 
desccnlfi in the bed known as rapids, wliere ihc water ac(|uirei 
a velocity co great liiai a bual can iii:illicr itsceiid nt/r descend 
will) salety, Tcscrt musl be liad to a canal fur the purpose of 
oniting iu navigftblc pnrts nbove and below the ubsiriiciion. 

Tlic general direction of iJie canal will be parallel to ihc bed 
of tiie river. In Boinc cases it may occupy a part of ibe bed by 
forming a di)<ie in the bed parallel id the bank, and sufHciently far 
from il lo give the reijuisile widlh to ihe caiial. Whaicver posi- 
tion llie canal n:iay occupy, every precaution should be taken to 
secure il from damage by freshets. 

759, A loch will usually be necessary at each cxlrcniity of tlie 
canjil where itjniiis llie river. The posiijorisforiheeitremo locks 
should be carefully chosen. £o that ihe boats can at all times en- 
ter tiieni with ease und safety. Tbe locks should be secured by 
guard gales and other sukablc means from freshets ; and if they 
are liable to be fbstrucled by dcposilcs, arrangemcnis sliould ba 
made for their removal either by a chase of water, or by ma- 
chinery. 

If Uic river should not present a sufficient dcptli of water at 
all seaBuns fur entering the canal from il, a dam will be rL^quired 
at some jiomt rieiir the lock to obtain the depth rciiuiailc. 

It may be advisable in some cases, instead of placing the ex- 
treme locks at llic outlets of (he cfjna] lo the river, to form a ca- 
pacious basin al each ex:rcDiity of liie canfil between tbe lock 
and river, where the boala can lie an safety. The onilels irom 
llic biisins to llie rivers, may cither be left open at all limes, of 
else guard gates may be placed at them to shut off the water 
during freshets. 
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760. The following subdivisions may be made of ihe ivorki" 
belonging lo lliia class of improvements. 1st. Artificial Roarf- 
sleatis. 2d. The worka KQUired for natural and artificial Har- 
bors. 3(1. The works for me protection of the scacoast against 
the action of the sea, 

761. Before adopting any definitive plan for the improvftnient 
of the seacoast at any point, the action of the tides, currctUi, and 
waves at ihat point must be ascertained. 

7G2. The tticory of tides is well understood ; llieir rise and 
duration, caused by the attraction of the sun and moon, arc afsode- 
pendent im the strength and direction of the wind, and the confor- 
tnation of ihe shore. Along our own soaboard, the highest lidea 
raiy greatly between the most southern and northern patis. At 
Eastporl., Me., the higheal tides, when not affected by the wind, 
Tary between twenty-five and thirty feet above ihe ordinary low 
water, At Boston tli€y rise fronn eleven to twelve feet above 
ihe same point, under similar circumstances ; and from IVew- 
York, following the hnc of the scahoard to Florida, they seldom 
rise above five feet. 

763. Currents arc principally causcd by the tides, aaaialed, in 
Bome cases, by the wind. The theory of their action is simple. 
From the main current, which sweeps along the coast, secondary 
currents proceed into the bat/s^ or mdcntalions, in a line more or 
less direct, until they strike Bome point of the shore, from which 
ihey arc deflected, and fretjuenlly separate into several oiheri, 
the main branch following the general direction which it had 
when It struck the shore, and Ihe others not unfrequcntly taking 
an opposite direction, forming what are termed counter currents^ 
and, at points where the opposite currents meet, that rotary mo- 
tion of the water kaiowr as whirlpools. The aclJon of currenlB 
on tlie coast is to wear it away at those points against which 
ihey directly impinge, and lo transport the debris to (Hher poinU, 
thus forming, and sometimes removing, natural obstructions to 
cavigalion. These continual changes, caused by currents, make 
il extremely dilficult to foresee their effects, and to foretell the 
consequences which will arise from any change in the direction, 
or the intensity of a current, occasioned by aitificial obstacles. 

764. .\ good theory of waves, which sliaJ! satisfactorily ex- 
plain all their phenomena, is still a desideratum in science. It 
!■ known that iliey are produced by winds acting on the surface 
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of the Bea ; but how lar this action extends bclowthe Buri&ce 
and wliat are its effects al v-ariou9 depths, are quesiiam t>iat fe* 
main to be answered. The most commonly received theory ia, 
\h&\ a wave is a simple oscinalion of the water, in which ea.d) 
parlit^e rises nnd falls, in arCrtical hue, a Certain distance during 
each nscillaliciri, without receiving any motion of translation in .1 
hori^ontnl direclion. Jl has been objected to this theory that it 
fails lo expluin many phenomena ohseired m coniicclitm with 
wa\es. 

In a recent French work on this subject, its author. Colonel 
Emy, an engineer of high standing, combats the received theory; 
and conK^nd* that die particles of water receive also a motion 
of Iran s la lion horizontalivt which, wilhllial of ascension, causes 
the particles to assume an orbicular motion, each panicle d&- 
Bcnliine an orbit, which he supposes to be elliptical. He farllicr 
contends, Jhat in this manner tlic particles a I the su rface com- 
raunifal^^ iheir motion to those juei below them, and these agan 
to the ncxl, and so on downward, the inteitsity decreasing from 
the surface, withotU however becoming insensible al even rery 
consi(iernble depths ; and that, in ihis wavi owing to the reaclion 
from the boLlom, an iniinciise volume of water is propelled along 
the bottom itself, with a tiiutKin o( translation so powerful at 10 
overthrow obstacles of ihe greatest airenglh if duecily oppc»ed 
to il. From iliiis he argues thai walls built !o resist the shock of 
the waves should receive a very grcml balir at the base, and thai 
this balir ehouid be gradually decreased upward, until, towards 
the tup, the wall should project over, thus presenting a concan 
surface at top to throw the water back. By adopting this form, 
he eonlends that the mass of water, which is rolled forward. a# 
it were, on the bottom, when il strikes the fnce of the wall, will 
ascend along il, and ihiia gradually lose its momentum. These 
views of Colonel Emy have been attacked by other engtneera, 
who have bad opponuiiilies to observe itie same phenomena, oa 
the ground that they are not supponed by facts ; and Ihe quertjoa 
still remains undecided. It is certain, from experiments made 
by the amhor quoted upon walls of the form here described, ihtt 
they Bcem to answer fully their inteivdcd purpose. 

765. Rotidsteaih. The term roadstead is applied to ao in- 
denlalioii of the coast, where vessels may ride securely at an- 
chor under all cireumslances of weather. If the indentation is 
covered by natural projections of the land, or capes, from the 
action of the winds and waves, it is said to be iand'lochrd ; in 
the contrary case, il is termed an open roadstead. 

The anchorage of open roadsiefids is often iiisecure, owing ta 
Tiolent winds setting into them from the sea, and occasioniag 
high waves, which are very straining to the moorings. Tbo 
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Temedy applied in this case is to place an obstruclicn, near ihe 
entiaiice oi the rajtdatead, to break, tlie fufcc of the waves frorc 
ihc sea. These obstrucLona, leriiied breakwaters, arc ariificiid 
islands of greater or less exient, and cif variable form, according 
to the namre of tlie case, made l>y throwing heaTy blocks of 
Blone inlo tlie sea, and allowing them to take their own bed. 

The first grvai Wurk of this kind undertaken in modern timea, 
was the one at Cherbourg in France, to cover the roadstead m 
front of l}iat town. After some irlala to break the effects of ihc 
waves on the roadstead by placing targe conical sfiaped sirtic- 
lures of timber filled willi stones across tl, wliitb restilled in 
failure, as these vessels were completely destroyed by aiibsequenl 
storms, the plan was adopted uf forming a breakwater by tliruw- 
ing in loose blocks of sione, and allowing the mass to assume ihc 
form produced bylhe action of Uie waves upon its surface. Tlie 
■ubsequent cxperienci3 o( many years, during which tfiis work 
liaa been exposed to tlti: most violent tempests, bus shown thai 
ihe action of the sea on the exposed surface Is not very sensible 
tt this locality at a depth of about 20 feet below the water level 
of the lowest lidcs. as the blocks of stone forming this part 
■of the hreakwaler, some of which do not average over 40 lbs, 
in weight, have not been displaced from the slope the mass 
fir^l assumed, which was somewhat less than one perpendicular 
to one base. From this pomt upwards, and partlCttlarly belweea 
the levels of high and low water, the action of the waves has 
^^een very powerful at times, during violent gales, displacing 
^pbiocka of several toas weight, ihiuwing them ovi^r tiie top of the 
, breakwater upon the slope towards the shore. Wlicrever this 
part of the surface has been exposed the blocks of stone have 
Deen gradually worn down by the action of the waves, and Uie 
»Iope has become less and less steep, from year to year, until 
fitinlly ihe surface assumed a alightly concave slope, which, at 
aoWB poijils, was as great as ten base to one pcrpetidicuiar. 
H- The experience ac<juired at this work has coiiclusiydy aliuwn 
H.lhat breakwaters, formed of the heaviest blocks of kxise stone. 
^EAfe always hable to d^iage in heavy calea when the sea brc&ks 
over diem, and that the only means of securing diem is by cov 
ering the exposed surface with a facing of heavy blocks of^ liani 

tinered stone carefully set in hydraulic cement. 
As the Cherbourg breakwater is intended also as a military 
tonatruction, for llie pfotectic'i of llio roadstead against an ene- 
my's fleet, the cross section shown in (Fig. 175) has been adopt- 
ed for it. Profiling by the experience of many years' obscn'ation, 
t was decided to construct the work that forma tlic caniion battery 
of lohd masonry laid on a. thick and broad bed of beton. The 
.,l4p surface of the breakwater is covered with tieaw loose bloolw 
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of slone, and the foot of the wall on ihc face is proiected by 
large blocks of nrtitictal stone fornied of beton. The lop gf thd 
battery is about 1 2 feel a.bove the highest water level. 




Fig. ITJ— Rer-RwnbasecIjanarttwCllMtollltim^WBtM. 

A. mnwof Blimo. 

Hi Ijatlpryof iiiiiHmr]r, 
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The next work of ihc kind was biiiit to cover the roadstead 
Plyniuuili ill England. Il» cross section was, at first, muile with 
an itilerior slope: of one ami n hnlf base to one perpetidjciilarr and 
an exterior slope of only liiree base to one pcrpendirolar ; but 
JTom the damage it Mislaincd in ibe severe tempests in \lia 
winter of 1816-17, it i» thought tliat its exterior slope waa too 
abrupt. ^^ 

A work of the same kind ia still in process of construction o^H 
our coasi, off the mouth of llic Delaware, The same cross sec^* 
tion hae been adopt^^d for it a^ in ihc one &l Cherbourg, 

All of these works were mode in the same way, discharging 
thf> stone on llic spot, frooi vessels, and allowing it to take its 
own bed, cxcppt for llie facing, where, when practicable, the 
blocks were carefully laid, bo as to present a unifonn (surface to 
the wavc^. The interior of the mass, in each ca&e, has beco 
formed of stone in small blocks, and the facing of very large 
blocks. It is thouglit, however, that it would be more prudent 
to form the whole of large blocks, because, were the exterior to 
suffer damage, aud expL-rience shows tliat the heaviest blocks yet 
used have at times been displaced by the shock of the Waves, lilS 
interior would sLill present a great ubslaclc, 

From the fore^ouig detaiU, reapecling the cross sections of 
breakwaters, which froin espcrimcnt have been found to answeii 
the proper form and diraeneions of the cross section in similar 
caaea may be arranged. As to the plan of such works, it raust 
depend oil ilie locality. The position of the breakwater should 
be chosen with reganl lo the direction of the heaTiesl swells from 
the sea. ,nto the roadstead, — the action of the current, and that 
of the waves. The pan of the roadstead which it corers shouU 
alTord a. proper depth of Water, and secure anchorage for vessels 
of the largest class, during the most severe storm b ; and vessels 
■bould be able lo d«abie m« bieakwaler under all circumstajicef 
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'of Trmd afld lide. Sucli a position should, moreoTer, be chosen 
lliat lliere will be no liability to obstrucliona being formed williin 
ihe Toads.i*ad., or at any ul its outlets, from the change in the 
-;urre]il which may be made by the breakwater. 

766. Tiie diffcuky of obiaiiiing very heavy blocks of stone, 
&; well as their great coat, has led to the suggestion of substitu 
ting for tlieiL Mocks ofarliliciaS stone, formed of concrete, which 
can be Tiiade of any shape and size desirable. This plan has 
been tried with success in several iastances, pirticufarly in a 
jetty or mole, at AJgiers, constructed by llie French ffovermnenl. 
The boton for a portion of this work was placed in Targe boxes, 
the aides of whicli were of wood, shaped at bottom to correspond 
to the irregularities of the boHom on which the belon was to be 
Bpiead. The bollom of ihc bos was made of strone canvass lar- 
led. These botes were first sunk in the position for which they 

.'Wefe Constructed, and then filled with llic beton. 

767. Harbors. The term harbor i» applied to a secure an- 
chors^ of a more limited capacity than a roadstead, aiiJ there- 
fore orTering a aafcr refuge during boislerous weather. Harbors 
are either iiatural, or artificial. 

768. An artificial harbor is usually formed by enclosing a 
space on ihe coast between, two anns, or dikes of atone, or of 
wood, lernied_;'c«t>s, which project inlc the sea from the shore, 
in such a way aa to cover the harbor from the action of the wind 
and waves. 

769. The plan of each jetty ts curved, and the space enclosed 
by the two will depend on the number of vessels which it may 
be supposed will be in the harbor at the same time. The dis- 
tance between the ends, or hfads, of the jetties, which forms the 
mouth of the harbor, will also depend on local circumstances ; 
it should seldom be leas than one hundred yards, and generally 
D«ed not be more than five hundred. There are certain winds 
At every point of a coast which are more unfavorable than O'thera 
to vessels eniering and quilling the harbor, and lo the tranquil- 
lity of its water. One of the jetties should, on this account, be 
longer than the otlier, and be so placed thai it will bolli break 
ihe force of the heaviest swells from the sea into the mouth of 
the harbor, and facihtate the ingress and egress of vessels, by 
preveming ihem from being driven by the winds on the other 
]Otty, just as they are entering or ([uitlmg the mouth. 

770. Th« cross section, and construction of a stone jetlydiffcr 
in rolhing from those of a breakwater, except that the jelly is 
luually wider on top, thirty feel being allowed, as it serves foi 
a wharf in unloading vessels. The head of the jetty is usually 
nude circular, and considerably broader ihaii the otlier parts, as 
% ID some instances, receives a hghthouse, and a battery of oui- 
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non. I[ should be made with great care, of large blockn of stouQ 
w«U uniieii by iron, or copper cramps, and ibe exterior courses 
febould moreorer be protected by fender beami of heaty umberi 
10 receive the &hock of floaling bodtes. 

771- Wooden jetties are formed of an open framework af 
heavy timber, the sides of which are covered on the interior by 
m strong sheeting of thick plonk. Each rib of ihe frame 
(Fig. 176} coiuiata of two iuchned pieces, nhicb foAn the &id«B 
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Fie- ITG— B-FiaeMuu > stem iMlicu of i >v<ndMi Jatty. 

Of foaibd at joii pit««. 
h, JocliTRt! siile [vi(ic<s. 

J, cnM! jjiecM bolted in pilra. 

t, BiniU. 

m, huigitiidinnil pieces txilled in pain. 

(t, pBtapet. 

— of an upright centre piece, — and of bonzonlal clamping plecei, 
which are notched and bolted in pairs on ilie inclined and upright 
pieces; the inclined pieces are fanher strengthened by airula, 
which abut against ihein and the upright. The ribs are cod- 
itegtcd by large string-pieces, laid liorizonially, which are notclwd 
and bolted on ihe inclined pieces, tlie uprighLs, and Ihe clamping 
pieces, at their points of junction. The foundation, on wliica 
this framework rests, conaists usually of three rows of large 
piles driven under the foot of the inclined pieces and the uprights. 
The rows of piles are firnaly connected by cross and lonfitudiltal 
beams notched and hoited on them : and they are, moreoveji , 
firmly united lo the framework in a similar manner. The inlo- 
^fior aheetin^ doc^ not, in all casei, extend the entire length of 
the aides, bill open 8pa-e», termed dear-wat/s, are often left, w 
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S« a fi&o pasaage and spread tn tlie waves confined beJweeo 
e jeUtcs, (or tlic purpose of funning smooth water in the chan 
nel. If Ihe jeltjes arc covered ai llieir back with earth, ihe cleai 
ways receive liie form of inclined planes. 

H'e foundiilion of the jellies requires particular care, espe- 
ci?i!y when llie channel between them is very narrow. Loose 
flincie thrown around the piles is liie ordinary conslruclion used 
for lliis purpose ; and, if it l>e deemed necessary, the bottom of 
the cntiro channel may be prolected by an apron of brush and 
loose atone. 

The top of the jellies is covered 'nilh a flooring of thick plank, 
wlijcli serves aa a wharf. A strong hand raihng should be 
placed on each side of ihe flooring aa a protection against acci- 
aeitts. The sides of jellies have been varioUS'ly mctili^^d ; the 
more usual inclinalion varies between three and four perpendicu- 
lar to one base. 

772. Jellies are sometimes built out to form a passage lo a 
natural harbor, which ta either very much exposed, or subject lo 
bars al its moulh. By narrowing the passage to the harbor be- 
tween the jetties, great vciocity is given to the current caused 
by the lide, and this aloiie will free the greater pari of the chan- 
nel from dcposites. But at the head of the jetties a bar will, m 

pjilnsost every case, be found to accuinutalc, from the current 
along shore, which, js broken by ihc jetties, and from the dimin- 
jahea velocity of the ebbing tides at this point. To remove these 
hars resort may be had, in localities where they are left nearly 
djy at low water, to reaervoire, and aluices, arranged with turn- 
ing gates, ]ike those adverted to for river improvcmeniB. The 
reservoirs arc formed by excavating a large basin in-shore, at 
some suitable point ijom which the collected water can be di- 
rected, with its full force, on the bar. The basin will be filled 
al flood-tide, and when the ebb commencca the simce gates will 
be kept closed uniil dead low water, when they should all be 
openec al once to give a strong water chase. 

773. In harbors where vessels cannot be safely and conve- 
niently moored alongside of the quays, large basins, termed vtet- 
dochs, are formed, in which the water can be kept at a consianl 
level. A wet-dock may he inade cither by an in-shore excavation, 
or bv enclosing a port of the harbor with strong water-tight walls ; 
the first is the more usual plan. The entrance to the basin may 
be by a simple sluice, closed by ordinary lock gates, or by means 
of an ordinary lock. With the first mclliod vcssela can enter 
tiie basin only at high tide ; by tlie last they may be entered or 
passed out at any period of the lide. The outlet of the lock 
should be provided with a pair of guard gate», to be shut agakiM 
very high tides, or in cases of danger firom storms. 
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'7T4<- Tbe conslruclion of the lock» for basins difTera in nothing 
in pnnci|tle, from that pursued in canal loclcs. The oeateit 
caie will necessahlv be uken to form a stjong mass free aom aU 
danger of acci Jenls. The gales of a basin-lcMrk are made coBvex 
tOFWanIs the head of waier, to give them more strength to reaial 
the greal preseure upon ihem. They are hang and maiitEuvrcd 
differently from ordinary lock gates ; the quoin-poal is allached 
to lli<; side walla in the usual way : but at Uie foi^l of tiic mitxe- 
pon an iron or brass roller is atuched, which runs on au iron 
roller way, and dms supports thai end of the leaf, relieving the 
collar of the quoin^posi from the strain that would be otherwise 
thrown on it, beside* giving the leaf an easy play. Chains are 
attached to each milre-post near the centre of pressure of the 
water, and the gate is opened, or closed, by means of windlasses 
to which the otiier ends of the chains are fastened. 

775. The quays of wet-docks are usually built of masonxr* 
Both brick and sione have been used ; the lacing at least should 
be of drcased stone. Large fender-beam^ may be attached to 
the face of die wall, to prevent it from being brought in contact 
with the Bides of the vessels. The cioss section of quay-walli 
should be fixed en ihe same principles as that of other susteiining 
walls. It might be pmdcnl lo add buttresses to the back of the 
wall 10 strengthen il against the shocks of the veaseU. 

776. Quay-walls with us are ordinarily made either by form- 
ing « facingof heavy round or square pdes driven in juxtaposition, 
which are connected by horizontal pieces, and secured from the 
pressure of the earth hlled in behind ihem by land-ties j or, by 
placine the pieces horizontally upon each other, and securing 
ihenn by iron bolts. Land-ties are used lo counteract the pres- 
sure of the earth or rubbish which is thrown in behind Ihem to 
form the surface of the quay. Another mode of construction, 
which is found lo be strong and durable, is in use in our Eastem 
seaports. It consists in making a kind of crib-work of largV 
blocks of gTiuiile, and filling in with earth and stone nibbisli. 
The bottom course i>f the crib may be laid on the bed of the 
river, if it is ftim and horizontal ; in the contrary case a strong 

Sillagc, termed a cradle, must be made, and be sunk to receive 
e stone work. The top of the cradle should be horizontal, wid 
tlie bottom should receive the same slope as that of the bed, in 
order that when the stones are laid they may settle horizoniaUy. 

777. Dikes. To protect the lowlands bordering the ocean from 
inundations, dikes, constructed of ordinary earth, and faced to- 
wards the sea with some malerial which will resist the action of 
the current, aro Usually resorted to. 

The Dutch dikes, by means of which a Urge extent of rn nntw j 
has been reciauned and protected from the sea, are the most n 
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nnarliabic structures of (his kind in ciisicnce Tlie cross section 
oflhose iJikee is of a trapezoidal form.lhe width al lo|> averaging 
froiii four to aix fcet^ the interior slope being the SHinc ss the na- 
tural elope of ihe cart,h, and (he exterior elope vcryjjig, according 
to ciKUin stances, beCwtcn three and twelve hsse lo one f>erpftndic- 
ular. The top of tlie dike, for perfect safely, should be about 
■ix feel above the lev«l of the highest spring tides, although, in 
many places, they are only two or ihree above this level. 

The earth for these dikes is taken from a (iitcli in-shore, be- 
, wbich and the foot of the dike a space of about twenty 
aft, which answers for a road. Tne exterior slope is va- 
riously faced, according lo the means at hand, und the character. 
of the current and waves at the pomL. In some cases, a strong 
straw thatch IS put on, and firmly secured by pickets, or other 
means; in oihera, a layer of fascines is spread over the ihateh; 
and is adongly picketed to it, the ends of the pickets being al- 
lowed to project out about eighteen inchee, bo that they can ro- 
ceive a wicker-work formed by mterlacing ihem witb Iwiga ; 
the spaces between this wicker-work being filled with broken 
flope ; this forms a very durahle and strong facing, which resislfl 
not only the action of the current, bm, by its elasticity, the sbock§ 
of the heaviest waves. 

The foot of the exterior slope requires peculiar care for ilj 
protection ; tlie shore, for this purpose, is in some places cover- 
ed with a thick apron of brush and gravel iri allemaie layers, lo 
a distance of one hundred yards into the water from the foot of 
the glope. 

On some parts of the coast of France, where it haa been found 
necessary lo protect it from encrorichments of the sea, a cross 
section has been given to tlie dikes towards Uie sea, of the same 
form as the one which the shore naliiraliy take!^ from the action uf 
the waves. The dikes in other respects are constructed and faced 
after the manner which has been so long in practice in Holland. 

T78. Groins. Constructions, termed groins, ure used when- 
it becomes neceswry to check the effect of the currcnl 
the shore, and cause dcpositea to be fonncd. These are 
Artificial ridges which rise a few feet only above the surface of 
the beacii, and are built cut in a direction either perpcndiculai 
to that of the shore, or oblique to it. They arc conslrucleJ ci- 
ther of clay, which is wcU rammed and protected on the surface 
by a facing of fascines or alon«s ; or of layera of faacines ; or nf 
one or two row» of short piles driven in juiiaposiiion ; or any 
other means that the locality may furnish may be resorted to; 
the object being to interpose an obstacle, which, breaking Uio 
force of the current, will occasion a depoaite near it, and thuf 
gradually cause the shore to gain upon the sea. 
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71k lop of tha tobe waa cainpoaod af a top and bottoa [date, r<nnn«l of 
fiaeca «f tktH irao, abaltiiip end to end. and caaaected ^ narrow atripa 
liMtod to Ifctai sfief tha joiota. Thew fJaU^ w^fe S fl. 1 1 i in. w^^ Tticf 
VBfB &| ia aparti and conoeetod bjr two Fntknl side platea, and five iatrrior 
■Sriai«n pUUa. with wfakb tbey were sttoagij jotn«d bf ta^e maa, riveted 
to the drrinon plate*, and lo Ibe tap uid bottom pbttet triiere they jained. 
EmtIi cell, betireen two ^nw") pUt«4 '«o4 the top and bottom pistea, was 
near); 6 iit. wid& Hie adea of Uk tobo were nnde of plstea of^teet iron 
■mOarl^ conneetad ; their dqKh waa 3 ft. 61 in. A alrip of ttng!? iron, bent 
»4 a caff col «bape, lAd ranfiuig6<MS the bottom of Meb end or the tube to tba 
•op jiut below the ceUalar port, waa riretod to taA ads to give it eliSbeab 
Beaida ihU, precantioiia were tiiutij taken to itiffen the tobe by < 
braeea within it The bottan of the lab« was formed of shceta, abalt 
to eoa, and aecured to each other tike the top plates; a cantinnooa 
miuiine: ibe entit« length of the tobe along tLe centre tine of the boltom. ' 
aecared b)' & continnou strip or iron on the under side, rivetei^ to the pi 
gn each side of the JMDt. T>ie ebtiru wii^ih of thu bottom wd»S ft 11 ta. 

The shet-t Iron coratwaing the top cellular portion was 0147 in. thick ; that 
of the sides 0099 in. thick. The bottom of the tube at the finii eiperiioenta, 
to A otstanee of 20 ft. on each side, of the ci^ntre, was eomposed of two tJiicfc^H 
nesses of sheet iron, each 0*35 in. (hick, the joinb being secured by stripi^B 
above and below them riyeled to the i^eets ; the remainder, to the end of iJw 
Ube, WHS fonoed of sheeta 0156 in. thick. 

The IoIaI ftreo of aheeto eoiapo'^ittg the top cellular portion waa 34-Q94 in.| 
timt of tlie bottom plates at the centre portiuc, 22 43D in. 
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Hie general dimenaioriB of Die tube were ane sixth thoM of the proposed 
nmctur*'. Its weight nt the final Dxporiinftnt, 1 3,020 Iba. 

The expsriraents, u already atiitod, were conducted with n riow to obtain 
■Q cqUBlity thctweeii tlic roaistfi-nces of Oio pnrta struitleJ by oomprtaaion and 
IhcBe eitlendwl; wilh tliia object, nt the end of eatih eipcritnc-nl, the pnrta 
£om aaunder nl Ltiu boltotn were repIiLCed by addilinnul pie-i-es ol' inarcaNmi 
■tnngtii. 

The followia^ table exhlbtU t!iEt reaulta of tlie final experiments. 
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114,660 
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333 


143.743 


3-40 


143J43 


3'S8 
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310 


157,738 
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1G1,SB6 


3-88 


164,741 


3-98 


167,QH 


4 10 


171,144 


4 '23 


173^13 


4-33 


177,088 


i-47 


180,0 IT 


4-ft6 


183,779 


i-m 


186,477 


4-12 


189,170 


4-Sl 


193^93 





Tbfl tabe broke with Ihe weight in Iha 36th experiment; Uie cellular lop 
jielding by puckering ui about i ft. frooa ths point wlieru the wci{rhl wu 
applied. The baUDin nad sidua remained uninjured. 

Ttitj ultlmitte deflection Was 4'89 In. 



' Britannia Tubular Bridgt.-^^othing farther than a Bnccinct description of 
thU u>&fV£l of t^nfinoeriiig wilt be attempt (.-d hcr^, nnd only wilh a viesr ot 
shovrlng the nmngemcnt of the parte Tor the attnionient of tlie proposed end. 
1t diS'era in its jreneral structure from the niadet tube, chiefly in having ihe 
iMtlAin fonnod lilt* ttie top, of rectangular cells, fltid in the me^rLg (jikea fur 
giving stiffncM to the aides. 
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The cellalai Uip (Fig. 1) h divided Into ei^ht celU B, ^3^ divHnion pliite<i r, 
leclcd with the top tt,»nd bottom i.by nngle irons o, riveteil to tfic iilulcf 
nnneeted. The dtfTerent »he«ls coaipoelng the plates a and b ahut icnd U 

li-nglhwnaij liio tuljv ; Euid tlie joints are cet'Ufe^ lij* the sttij"* d flhd #, 
et«<1 to the sheets by rivets thai pasa through Uie iDtcriioi angle 

DDH. 

The flheeU of whii^h tliia portion is compo.^cd arc ciioh S ft. laii^, and 
, fL 9 io. wide ; those at thu «ertre of tiie tabc are ||th» of nn iach tliiuk : 
^tkity dt-cremu iu lliickness towards the plera, wliere ihey ore Uthi of on inoh 
thiuk. The divisjon piates sre of the tuLtne thickness at. tlic centre:, und 
ilMreAsa in the aame planner towntnls Iho piers. Th^ rivets are 1 in, Ihtclt, 
and &re pliued 3 in. apart from ceatre to centre. Tha cells are 1 tY, if in. hy 
1 ft. ft in., BO B8 to fljliaiL a m»n fur painting and repaLra. 

The cellulM bottooi '» ditidcd into six cetM C, iou»ch of whieh ia a ft. 4 in. 
wiAt by I ft. S in, la heiglit. To dimiiiinh, no- fur ag pra<:lii:al)le. the number 
of joints, the a)ii*L'ta for the sides t>f thu uulls wcro niade 13 Pi. long. To give 
lient strength to reuist the gru&t lenaile strain, the top and bottom pUtea 
Oiia part ore oompoKd of two thickoMseB of sheet iron, tiitt one layer 
■king joint with the other, Tlip jobts over the division pl»tea are seturad 
«ngle ir&ns 0. in the anrao manner na in the cellular top. The joints 
between Uio RheeLi elti; Be<!nKd by f\\««la '2 fi. % in. tong placed over tliem, 
prliicii are faateni^ by riveb tliivt pasa through the triple thickness of sheets 
I tbeM points. The rivet.H, for attaining greater strength at these points, are 
. lines len^^WLse of the cell. The shei>ts forming ttie top nnd bo'ttnm pktea 
of lh« cells Are '(ths of an inch at the centre of the tube, and dieGreave lo '/hs 
at the eads. The djviiuon. phites are iVh^J in the middle, and i|tha at the unda 
of Uiu tube. The rivets of tli>e tup and holtum pliitus are l\ in. in diameter. 
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Flf ft-^Bopmenu r horiionuil crou Hctlon of Uia T Iroiu and ildo plalci. 

D, CKMi Kctlou a«u ccaire uf liild|», 

E. emu iMIlun Deal Ih6 plOft. 
t. plciui or Iha lidM. 

t, ciMdur T Inu^ 
>, laleiiDr T tiaoa. 



tbe sides of the tube (Fig. 3) between tho cellular top nnd bottom art 
Torined of slieuts g, 3 ft wide ; the lengths of whioh ire so nrmnged ihnt 
there art' nlteffiulejy thrpe und fow pktcS in eifch fwicmol, the- eheela of eaeh 
panriel abutthig end to end, und formings eoriliniious vertical joint betweum 
Jiie adjaeent parinels. These verticai joints are secured by striji^t of iron, 

nod ^ of the T oross section, placed aver ench side of the jdnti and 
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ilaoLping the klieeU of the odjiLceiit pnimela between tbrm. The T _ 
wiiliin anil withont are timiy riveted lo^ciher with 1 in. rivets, pbtn) tl 
3d- between tbeir eenUes. Over the joinU, Wtw««n tho ends of tiie »ljeeti 
in each psDoel, pieces of oheet iron ore placMl on ckch aide, And coniifcld Irj 
riveU. Tbe slieeU of the pannelg at Lhu cenlrv of the tiib« uk ,Vh« ul lo 
inch Ihipk; Ihey increase to J^ha W within about 10 fL of the piers, wbcn 
tliii'ir cliicttEicss tsugiun increased; and the T iron^ are here also increoaed in 
(hiclcnie^s, being composed of a atrip of tliick sheet iron, clamped betwea 
■tripe of angle iron wtaicli erbend from Uie top lo liiu bottom of tlie joMi> 
Tdc gb;ect of tli)9 incre&se of Uilclcness, ]». the p«bDel« Mid T irOiuatftt 
pien, is lo giT« sufficieiit rigidlt; and Btranglii to reeiat tbe enisling at 
thew poinla. 

The T ironi on tho interior are bent at top and bntlAtn, and exteade 
fkr ua tJiD tliird cell rrom the sides at top, uid to the aevond at bottom, 
projecting ilb gf each in. the atig'les la clunped belwcea two {neoec, n. ofi 
iron, Kh whicli it is »e<;iired by rivela, to give greater Blifihcoa at the anglu df 
tJie lube. 

The artiuigcDient of Hue ordinary T iroDB and aliecia of tho panDels ii 
ihowQ in CTOHS aecUon by D, Fig. 2 ; and that of tho lilce parts near the pien 
by K, same Fig. 

For the purpoBo of givin;^ greatej stiffness to Uie bottom, and to secnn 
ftateningB for the wooden cross sleepere llnl support tbe longiLudiniJ beuu 
on vrliii;h th« mils lio, eroaa plnlss at eliwt iron, lialf an ineh thicic, and 10 ia. 
in depth, are )^d qi) the bottom af the tube, froin aide to aide, at every fomtii 
rib of the T iron, or 6 fl, apnrL Tliese croas platea are Monred to the bottoni 
by angle iron, and "o riv«ted niso to the X iron. 

The tube is firmly R«td to the central pier, hut at the int^imt^nte piert and 
tbe abutmcnld it rests upon saddles supportHMl on roEiera and bolta, to ; 
4)f tlic pis J* from coiitrni'lionand espan§ion by cliniigea of lempcmtnre. 

The following t^bolikr Htntotnenta give the details of the dimenuoiu, w< 
be. ofth'S Itriinnpift Bridge.- • 



Totnl biiiflhiiriHirh Inbi ■• 
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OrB&tfl»l t^ir rtt Iny ...-.-.-,..^.,. --,..... 

Helabtinf lulst nl [hr iiililillc...t 

" InicimedlBlA plan 
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Fbrmula far reiudng the Sreakv^ Waglu t^ "Wravgia Iron T'uhet. 

B^KvaentiDg by A, the total area in inches of the cross section of the metal. 

* " (1, the iotal deptTi in Inches of the tube. 

" * 7, the length in inches between the pomts of snpport. 

* * C| & constant to be detemuned by ezperiment 
" "• Witha breakuig weight in tons. 

Abb the rdfttfanu between theae elements, in tubes of cjHndiioal, elUpHeal 
■■d teetngtilar enm section, will be expressed bj 

^le wma Yilne for C for cylindrloal tabes, dedoeed Afom sevetBl experi^ 
BMDte, WW (bond to be 13<>3 ; that for elllptieal tobea, 16-B; ntd that foi 
TtfhtncnliT tabes, 31 ■& 
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JV«fc B tif Art. Rfodt. 

Pbnik-Roads. — A roid coTering. toasxQag ot thick boifde, or pIiakK 

RBting on Idtigiitidinil l>«uiiA, or alMptn, uid knoirn u Plank-RMdi, hi^ 
within the past few y-ian, }>«ta introduced unong us; and Itdu ila ad*p<tnJM 
to tmt aDcl«iKd forest distrirta, iis eaperior eccinamy to tfa^ Drdinary mi 
tovetiagK in sacb loctlitiei, uid iu intrinsic merits, b» fulfilling ihe mjuiiiia 
4f ■ good r(>«d CC^vering, is raptdlj coniing ioto extenaiT« lue throngb-ODt lIL 
|arU or ODf conntiy. m 

^rfL T III nw^mmi^sm^a. 
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Vl» B-^ ftoa «(> ptuk read. 
■ •, baud BBbea. 

t », iLUl. 

b iDmiDcc road. 

1 1. lUa isibca Inliu. 



The method most ^nerally adopled in constmctin^ plank-roadi «oiii 
Uyiug a Ao-o-ring, or track, eigfit feet wide, composed of beards from nine to 
twelve inthea in width, and three inclies in thicknesB, wtiich rest opon two 
partillei rows of ilerpers, or Bills, laid lenglbwiHe of tlie road, and baviog U)«ir 
centre lines itb«itl (oat f««l ajiat-t, or two feet from the axis of th$ rood. SilU 
of various Bised acanlUng' hare been uaed,, but experience seems in farvr of 
■oantling aboot twelve inches in width, four inches in Ihickness, snd in length* 
of not less than fifteen to twenty feel. Silla of these dimenMans, Uid flA.lwiK, 
and Iinnly embedded, present a Grm and unifonu bearing to the boards and 
diatiibute the pressure tbey r&ceive over bo great a surface, that, if the Kiil 
upon which Ihey r«stia compact and kept well drained, there con be but little 
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Mttlhig mbA dkiflacement or the road aurbce, Tnim the vaiuil liuda {loasisg 
over iL Tlie belter tu a««iire ttus unirorm (tiBtribution or the prcHnre, tba 
wlla of one row u« so ioitl aa |g break Joints with the alber: iwd tu 
prafeol the ends of the sills from yk-lding the usual precaution in taken to 
pixce ihort atlla i.t the Joints, eilher henealh the m&ia silla, or on lh« bbidq 
Iev4!l witb ihcu. 

The boards are laid perpend Jcul ax to (be axis cf the roid, erpcrieoce hftriiig 
■hown that Ihia ponitjoii is as favornhle tu tlieir weu and buir aa :uiy other, 
and ia otlierwise the most econouticAl. Their ends ara not in a.n tinbrnk^n 
ItDfii but 6i> ATTBii^ed that the ends of every three oc Four project aUtrrnxtelyi 
on each side of the ajLia of the ro^, tliree or four inchea tieyond tbuee ueit to 
fbstn, for the purpose of presenting a short shoulder to the wheels ol 
f^hicleoi to facilitate their COmiDg Upon the planlt Burfuve, When rroiD aoy 
oause they may have turned asiiie. On some roads ihu iKiarda hare been 
Bpiked to the sills ; but this is, at present, regarded as unneceH<ar)', llie 
stability of the boarda b^ing beat wcured by w^l pscking' the e^jth between 
■ad arouod the atlU, no u to present, with Iheoa, a aniforcn tcariDg aurfac« to 
the boards, and by adopting the nsual precautions for keeping the tub^nil well 
dnuned, and prevcDling any aceumnlation of ruin water on the surfiiue. 

The bo*rda for planl(-ro4d« shoald be »el(Kted frcm timber free from IbA 
nsnol defects, such as knots, shakes, &c., which would render it unsuilabla 
for ordinaiy baildiog purposes; as durability is an esseotial olctnent in Lhft 
MOdOOiy of this ct:iBS of structures. So far as experience hu t^lfnisbod data, 
boards of three inches iu ihiuknesa oBer all the requisites of sLreng^ and 
durability that can be obtained froni timber in its ordinary state, in which it is 
ssed far plank-roods. 

Bciidea the wooden Inuic of eight feet, an earthen track of Iweira feetia 
width is made, which scrvea na a summer roud for I'l^ht vohiclea. anit as a turn 
out for loaded ones ; this, with the wooden trauk, gives n clear road surface of 
twenty feet, the least that «m b« well iiltow(4 for a- freqm-nttd road. It is 
lecommenicd lo lay the wooden Irncic on the right hand »de of ihe approach 
of a rood to a town, of village, for Ihe proper convenience of the rural traffic. 
18 the hesry trade is to the town. The surface of this trmek received a croaa 
■Evpe from the side towards the axis of the road outwards of 1 in 33. The 
mr&ce of the summer rood receivL-s n cross slope in llie opposite direction of 
1 in 16. These slopes are given for the purpose of fnciliLaling a rapid surfaea 
dnunage. The nde draiiiB are placed for thia purpose pufollel to the axiiof 
ibe road, and connected with the road surface in a auitable slope. 

Where. Iroin the character of the soil, good summer roads rannot be had, 
it will be necessary to make wooden turn onis, from spaee to apace, to 

ivent the inconvenience and delay of miry roada. This it ia proposed to 
b by laying, at these points, a wooden track of donbte width, to enable 
Vehicles meeting to pass each other It is recommended to lay tlieac lorn 
Auts on four or five silla, to spring the boards ^lightly at the ccAtfi*, and spike 

leir ends to the exterior sills. 

The angle of repo&e, by which the grade of phuik-rvads should be regti* 



*se 



Arpurpn, 



taled, his Dot yet b«ea det«nnined by pxperiroent ; but as tbe wood«r mrlicc 
is cvT«red wJtfa c lajtr of cimi up*], )ine gmvel, or (hi bsrk, before il ii 
Ikrown open U> refaJcleB, and! u it in time beccmee coveml with ■ penauieol 
timtuii of duat, dte^ it ia probable Uiat this %ng]t will not rsatemll]' difTu 
turn thst oD & foad with a broken stone tnrfnce, lika the one of KlcAdan, Ot ■, 
of T'olford, when kept in s thoroogh state of repair, ^^t 

1b Kinie of Lhe earlier pluik-nwds made in Canada, a widdt of uxteen fe^^| 
ms fiven to the wooden tntek, the boards of which were had upon four «t 
flra nvFe of lilla ; oxperieDce soon demODsIraled tha.t this iraa by no rnMOS 
aa eeonomicsl plan, as ilwa« fannd that vehicles kept llie centre of ilie wooden 
flVrflKe, whie}i vas bood worn into a beaten track, vhUat the remninilar ' 
bat elighl'v iiQpmKd. Thi^ I?^ Ut the abaoJoDmeiit of lhe wUc track for 1 
one now nsoally atlopted, which aneverasll the ends of the wsnia of travel,! 
it much more econoniical, bolb in the first outlay and for anlra^qiient rencu'i 

Tbe great adT&ntag«a of plank-roads over eTer^- other kind, tn a de 
wooded coDDtrj, for the raral tnffic, are so DbTious, Ihtt, did not expeiten 
Uaoh na hj what mere acddenta, apparrntiy, improTementa of the 
ifliponant kind bare been sa^gested and earrled into effect, it might be t 
mbjecl of sitonifhinetit that the t bad nAt be^fi among the Snt %<> be intrtb 
dnced, after ■ trial of the old cordvroy road, so geoeisltj resorted to in iht 
eariy stagM of road-maktng b this coontry. 




Mtthoda of fkitcribing Curves compoagd of Am of Circles. — Ths Bpan and 
IJM oran arch being- givt-n, lo«e1hier witli the direr^tions uT Ihe UngentB to tlia 
eime at Ihe apringitifif ILni^A nnd crown, un JdRiiiti} iiiiBitiEit of curves, c-omposei 
vrsmsorcirclcBiFAJi be delermined, vKkU aliaLI flati&fy the ci>aiJltJon« uf fcirm- 
ing a conliiiuous carve, «)r une in whic)) tlic nira slijill lie omsecutively 
langenl to ench other, and saeh that Jiaao at tim epringing lines and tho 
(rou'n sLali bb ttttigtint to tJie aseum^d direi^tj^na of \bv langeiitd ti^ the curvft 
4t those pointsu To givo a (Jetemiiiialti cliarncUir to Uie pToblem, iu eacb 
putiGiilAr ctue, certain other uoodiliona [uaat be iinpoHed. Li|)on which th* 
aolalioii will dej^nil. 

Wbfn llie tjingenta to the curve nt the apringing liiica and crown ora 
respectively perpendicular to the span and rise, tlie cant saliafjinf^ ihe nbnra 
^n-erol cundiljoiiH will belong to the class of oval or baskcl-lmndlc uurvee; 
when \hv tn"g^enl« at Iho springing lines are perptndicular to ibo apon, and 
tboac nl the urowii are oblique to tKe nae, the ourvea tvUI belong to llie clasa 
of pointed or obtuHP cnrveg. 

In the rlaag of o-vala, when the riat* is not leas than one third of th<> epan, 
the oval of llirce centres will penemlly give n curve af a more plenaing rorm 
to the eye than one ofa gri>nt«r number of cent re§ ; wlH-n the ri»€ is less than 
a third of the apati. ■ curves of five, seven, or a greater odd number of ecntrea 
will give. un(5?r tliw point of view, a taoto wtiafactory aolulion. In tbe 
pointed nnd ubta»e curves the number of centres is even, and la uauatif 
reatriclMt ta fuur. 

Ttitet Onire Curres. To obtain a determinalft Bolution in this dnao it will 
be neuessary to iiupoao one more coiididon, which eball be compilable yriOi 
the two general ones of having the direction! of the tAiigenla at the springing 
lines and crown fixed. One of the oioat elmple, and at the aatne tima 
•rdioilting <at s, gr^n^Ier VAllety C'f curve* to cbooae from, ia to assume the radius 
of the i:un-e at the springing linen. In order that thia condition ahnll be com- 
patible with the other two, tJie length naaumed for this must lie between icro 
and the rt«ie of the areh ; for were itz«ro there would K' but one centre) and 
It taken ci^ual to the riae the radius of the carve at the crown would ba 
infinite. 

Let jl D (fig. A) be the half ajian, nnd 4 C the rise. Wivwg ptatongoi CA 
indefinite I V, tahe nnyidisUince le^s thou A C, ojid set it rfffiaax D to R, along 
A D ; nil') from C to P. along A C. Join R and F, wliich dlHlanii'e bisect by a 
perpendicular. Prolong the perpend ioulnr, lo intemeet Iha iiide(iijiti> prdong- 
ation of C A. Through this point of interaection S, and iKo point H.dnw an 
indefinite line. From R^an n Qentre^ with the radiua R D, describe nn arc, 
whKh prolong to Q to interBeet S R prolonged. Prom S, axst centre, with tha 
radina S Q, describe an arc, which, from tha c«natractton, must pass tliroogh 
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^•ner, — by a-= AD the haV span, jind by b ^ .4 C tlie rue, there reanlliv 
the right angled Iriangle S A R, 

S«' = AS* + AR\ 

DID which is oblaliietl 

R o' f o' - aar 



r (2b — 2r)r 

Di9fti«nfl4*it.gl this exp.'uidon, and pliicing 



itq nnt difTereutiAl cv- 



elCcient equal to zero, or making — - — = 0, there limits, att*r the t«nni 

■re reduces^, 

a'-f y — (o — h) V''?T*^ ,/iM^ v«' + 6» — (o — »). ^ . 

r = — 3^ —^— = —■ C a ^- **■* 

•<^a* +~6'' = iJC, and v'a' + ft* — (a — fr) = IW,iie£iM the given eonstnift- 
lion for the centres required. 

By couiporini,'' tlie Iwiy methode just «]:plained, for the same »pan and rise, 
it wUI be seen thut the former gives a curve in which the lenglhe of tihe arcs 
differ leea Uua in the latter, mid which is therefore more agreeable to the 

Obtute and Pmnied Curves ofFavr 
CM/re*. — Let A B be the half 
span, — A C the rrae of the required 
carve, — and C D the direction of Ihe 
t&ngent to it at the crown. At C 
draw a perpendiculsr lo C D. T»ke 
any point R on .4 B, auch that R B 
shall be lees Uian the perpend icui or 
R b, from R upon the tangent C D. 
From C. on the perpendicular to 
D, set oR' C d, equal to the 
aaeamed distance R B, — draw R d, 
and bisect it by a perpendicnlnf, — 
which prolong to inleracui the one 
from C at the point S, — through 8 
And R draw a line, — frofd /(, with the 
radius A B, describe an arc, whicb 
prolong to Q, to intersect the lino 
through S and H,— from S wiih the 
^^^ f\g,%. radiua S Q, describe an ore, which 

will bo langenl to the first at Q, and pnsa llirough C. The curve B <l C 
will be the half of tl)« one required to antisry the given oopdilions. 
The analogy between this ymatructioD mid the ooe fint given fof Ihre* 
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c«itlre mfT«a tnll b« t«*dily *Mfl ity 6iHfipariitg Um eoofltnictMiM for 1h« hn 
Fitt Centre Otol Curra, <fc. Wben the nae i» Iwi Iban ooe Uurd af th* 
afui, it ii found that oval currea of a pleajuog ihape cwiDot be obuined by 
tuiiigMilj Uine eentiM, and five, otagraatcr wldDumber of c«Dii««iDiietbe 
Kwrlcd la BMidc* Dm two g«B«n4 eooditivo* commoD to all «t«I9, a 
greater aambcT orpanienlai onn moM b« iai|MMcJ, as the ntunber of centm 
is inepcaaed, rMtrieting Xhtm wilbin the lioiu of compalibQily with each aUier 
and wiLh the two eommon to til. Bj impoaiiig', for eiample, on the o*at of 
fire reatres, tb« conditwaa U>at the radii of the tw« loosecadve ares from the 
aprin^ng rina etiaU be aasnmed as the particalar cooiilcioDs, a rerr aimpit 
constTDction, aoalogooa to the one for ovals of lhr«« c«ntr«^ will vbnw the 
lilnHs within which tfaes^ must be restricted, not to in(erfvT« with the vthen 
that are eoEamon to all. Without stoppa^ t> iilnsCrate this b; an example, 
wtuch Kill pr«HDE no difficultr to any one tolerably r^oreraant with the 
■JameBtB of geometry to nuke oat alone, a more general ntlf-JtA will be given, 
^plkable alike t« all cBrre* of this dat^ 

The half span Aod rise being given, let it 
be required to dolermine an oral of fire 
eentrea with the partienlar conditions, thtt 
the radii of the consecnltre arcs, from the 
springing line towards the crown, shall bi 
in. an lacreasing gaometriul progressioa, — 
in which caw the cvrvaiorc^ vt the aRs 
will be in a decnwsing geometrical pro- 
gfeasion — and the lengths of the consecotiTe 
arrs shall ineresse in a given nti«. Design 
nate th« half span AB b; p (Fig. C), the 
iiM by f, — the ratio of the radii bf m,^ 
the rabo of the ares by n, and the number 
9t itgna Ut Xbt m at the etiri^igtng line 
hj m. Sappoee thn centr«« 0^ P and Q 
found, and dnw PS perpendicalu to AB. ^ 
— and PR pcr]>eDd)cuUr lo BC prodneed. 
The radii OA. PE and QD will be le- 
presented rtspectively by r, rm, and rrf < ■ 
Bixl the angles AOE, EPD. and D<iC, 
between them bj 

now, from the properties of the fifim, 1 
(bllowing equationa an io1>talaed 

m^C a + a^+a5=90» ■ .' • (A] 

AB™p^T+OS+ PR . ■ . (B) 
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FVom Ihe right angle triirglo OPS, and PQH, Ihete reaulla, 

OS = OP rOB. a = (rwi — r) eo8. a ; 
PS ^ OP sin. ri ^ (rm — r) Bin. a ; 

PR = PQeos. (a + o h (rm' — rm) cos. (« + « — ); 



iU 



QR = Pqva. 



('+"J) 



(' 



n) sin. 



('^-i) 



by ■aboiitnting these values in equatio'na (BJ luid (C), ihero leanlta, 
p^r j 1 + (m — 1) cftB.a+ (m' — m) cos. f I a i ( 

a^r j m' — (m — I) wiua — (m* — ra) mn. I i a J; | 



•od by reduction, equation (A) bacomei, 



m^ — rt> 



90"; 



(G) 



Thft eqnations (E)f (^ ■"'' i^) eiprtss, Uicrafore, the reUlJoJia whiuh sab. 
sist between the six <|uantities ;i, g, r, a, <n and n wlieii tiie Impuaed condltioni 
are Batiafied. Lei three of thtiee qaantilU'S tis m, n and r b-e nasumed, the 
ottiera will be foand from tlie three equalionB in <]uet>liuii: that la the span, 
rise, and nurulicr of degrees in ttie arc at the springing line, which correppond 
to the ^*v>en valnee. 

From the aolution tiere giveni the ratio of p to ^ or — Is found ; but ait tho 

rifle aod span are ntiiuilly a part of tba dntni thia ratio — may be dificrent 

from that — of tlie giyen half apon b, and rise c; in which caae it will be 
c 

neceaaory to asauma new ralnes for the quantities m. n, and r, and find the 

P 
correBponding valuta of p, q, and a, until the ratio — ia Kjuai to, or nearly the 

aamena — . When a suitable approximatioa haa been obluned, it will be 

euy to find a cnrre which shall differ but little from Ibe required one, and 

b 
whose balf span and riae shall have the required ratio — ■ 

c 

To effect thisi let jr be the >qt]Aiitity which mtut be added to p and q 
respectively, to malte their ratio the same as that of 6 to c; thia condition will 
be espresa«d by the equation. 
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? + ** 



6 — e 



(H) 



llMwMa^vnllljrlM BMofTftom 4 to M t^. Q. sad frain C to .V. ind 
K »•« («n« AX Im <B» o il>wi froiB the uma e«ntrea O, P and Q, tt will be 
pmttU to lb* c«nT« ACi who^c balf hpan and rise are p and (f, and the hdi 
ifiB BSt, tmi liM B/C will hna Ite Mm« ratio as A to c To pan from Uu 
owwi ta * itaBar «Mk ij— il ih)«1 an the given hair span A, and rise e, il will be 

ortr aaMafy t*B^>ifp>r ^^ N« of tb? fi^r« q>POMi\ hj thenar 

b 

' b< * ill mIw^ to dctemiiipd in eqnatioD (H), by 



r, tbc^ boBialogoaa Uom an pmpMliaBil, «r, fcr , 



wUA vjU (in ft» Hm, ttwapoiiiBiie ^ t'-^' "> ^ 6giire of irhkfa A is ^ 

TW MUfcaJ hw* OflaiMd may bt Kpj^ed to any Dnmber or eoBbta, litt 
«W* t^ rim is IcM Am <ni«-&aKl) of U)« ^Md, anoni offire ceiUra w31 
ha faaai •• Baiver fnllj all ifae reqaind conditions. 

Thtn an Mbw hmUiikIs ofdescHbiaf the oralnf firs, or a grMteromaW 
«f P iottff. »Ueti an latlifcr tnOH ttuple for calcidatwii tWi the sencfd 

Bf Mamflif. for txaai{)lR. the greatest and smallest ndii wiHuo ndliliila 
tad^ Ite taffifiiBiitii nidiiLS may receive the c&nditiMi of being a 
ftopottiMMl between thr^ t«-»: or defoliating ji bjr x, Unw inll 
2K^JtXr;— Abaii«th*KPaatettndiiH,aBdrthelansL Barii[« fci^i 
flw pMatioff «f Hie iiiWiiwdialt eealre F k Tound, by deterikinK na ne I 
4 «M • rnUm *— c, aad <aw4facr &vni O mlh ■ a£M ,a^^, and ttkb^' 
■Mt pwl M iMiraecdMW r • 

Arimfts pveaaa^gU In feUomdtoan oral iiriiiniiii i iaiiiiM,hj 6m^Bg 
iIm tw* tMMMaAMa iMM «r a (MBalricBl pi^naaioD, of wUab m£ JI aia 



tf. 
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NaU D to Arts. 970, <J^., m the Slrenglh of MaterialM. 

F!tai:ici'y ami Cokesioit, and iheir iirnuure-.— To arrive ut somewtial dvlinil* 
notion» on tlifi eiibjui^lA of the i-bistioily, and llio tenacity or cohesion of solid 
bodtea, on4 l\>v iDensure (ff the reaislnnce which lliey reapeclively offer to anj 
exlnneous torec thai teii'da to disturb tlii! natural Male of eqULlibriuin r>f the 
elenieritnry particles of which tliese bodies art! uomposod, and llu'rcby cull iiilo 
play their ekstluily and uoh'e^inrv, it niny be well to give n brief summAry of 
the hypotlmaeitiiow moat geiitTfilly r^'ttived iiniong writprs on plijsii^a upon 
Iheai; points; aud to ehow in wbat mannt-r ttie re!:itiana betwt'en ihe dis- 
turbing fortea and tlieir effeeta cftn be represented geflniL-triruIly. 

The liypotheses now genendly ndmilted itre tbnt bodies aic composed ft 
elementury raolcculea) eoth of wlLich conaista of atoms grouped to^'eihi-r in 
definite nuoiberi) or proportions tu^cording to Aim|ile and rc^rulur nutural luws ; 
thdt lb& jxiAitions ci tlie at&ms of any molecule, with r-c-spcct to cacb frtlicr, 
catinut bo so fur displaci;d by any ordinnry cxIrniUL-oua I'orce iis 1o modify 
tlieir arrange rD«nt, eiCernal form, or njecllinnicii] prcperliea ; Lbat tbc element- 
ary moleralc^, separated from L-twb otlier by greater or leayer disLinces, iia 
CDUiparvd with tllcir own dimension!!, e^xert a reciprocal stlrictimi, wlifi;h varies 
In inlensLty not only willi their distuni^ea apurt, but hIbd with iheir reiatire 
positions, ond Tbnt the tendency of tbi^- reciprocal sttmction Is to cntise Ui? 
moleuulds to ^roup themselves oceordin^ to regulnr lawn: that, in 1110 nntnriil 
state of equilibrium of the molecules, the forces of atttsctioti Are balanced by 
the forces of repulsion of the inl-crpoaed caloric, but Ihiit these forces mny be 
feronght into piny by nny exlrnneous force which tends to diaiurb the natural 
stflt^ of ^quilpbritiiD. of (he nnolecules, either by it^ tende^licy to i^^pornle llicic, 
or to fircsi thcra togiither, until they linvi; ousumcd a new p-oeilion of stable 
eqailibriuia uadrr the couihined elfeet of all tlie forces in nction. 

To arcounl for the Alntc of equilibrium of the moleuules undi^r the action ftf 
the forcci of attraction nnd repulsion alone, it id auppo^ted Ihitt tihc oluiiia uf 
caloric rept'l encli other iit nil dialnnccs, hut with n force ihat decreases very 
rapidly in Intt^nsity as the dUlunce between line molecules inerenscn ; — lltsl Uie 
atoms of ciLlorii; on the oontrnry nre iLltracted l>y tb6 tnolecutes of dllftirtillt 
bodies will] varying intensities, and wliith enlists them to ucllcct nround llieau 
'molecule!', so as to surround e.ieh one with n kind of atmoBpliere of eulorlc 
Ihnt decreases in den^iity from the centre outwards., until it attuina an inleiisily 
eqiiul to that of the eniroandling medtDin ; — thot, when two molecules of a 
body an brought so near each other ns to be within the ipbcre of the^ force* 
of jLttra4;tion and repulsion, the foree by which they nre repelled is simply tliat 
between the nloms of *oloric, vvhilat Ihe otip bj' which they flfe nttrncled to 
each other h composed «f the nnitUDt attructlon of their mntler. mid of the 
itlJiicllon of the atoms of the culorJc composing the attiio-iphere of the one for 
the iQUlkr of llie other ; — fiiuilly, ttiat tliG InteiiBitiea of the&c farces of attru- 
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tion mm} repalaioD deneaae Teiy rapidly aa Um diatenee letw«cii thi 
iDolecules is iocreaaed, and ao aa to beeooM noil, or inaenaJble al dtataneci 
which are appreciable by the aensea. 

Admitliog then the hypothesia, that, in tlw ordinary atala or eqailibriom ol 
aoltd bodies, the molecales are preaerved in their rf ladve poeitiona by a fuice 
of attraction and od« of repalsion which balance, or deatroy each other, atiJ 
that when tlie diataoce at which they are kept i^Mit in thia atate ia either 
increased or decreased by ui extnuieoas force, acting in Ibe line ol directjoi.. 
between their centrea, the force of atiivction, or that of repuUiun will be 
called into action, the one or the other being in exceaa, aa the exlraneons fum 
tcnda to aepante or preaa togetiier the molecnlea, the extraneous force itidf 
meaaufing thia exceaa, it will be easy to represent these eonditiona of eqtdli- 
brhun generally, and to express the law by which Ibsse niioas foicet an 
•ounected. 




Non— TVa pminte DTInwiliwof tbeorilMlW 
ud ilu cum an muftcd thus "i tboaa iCAa 
ofdiuatB* nod unfenu Ibur ' 



To do this let AX, and A Y (Fig. A), be taken as the rectangular axes of* 
turve y, y', y' ', &c,, the abecissaa of which, as A ar, A ^r*, A r", Ac, represent 
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the reBpcctive diiUmceB apAit (if two moleculea, and tho conesponding' ordin< 
iiUa xy, ^'y, J:"y^', Au!., Ihe conesponiliuf; fslues ortho fsrceg- af rni^HilHioD, 
and let E. :', i", iScc, bv a secoiitl i:urve having tlic , Faint' nbiKiiJHifl as tli^; tint, 
uid for iEs ordina,l«a j: e, j' i'. x ' i", &c.. whicli repreMnt llie vnhiea of the 
tbrc?s of uttrocUon corrL'SjioniliD^' to tlu disrnn<!(r8 npnrt uftho niolci^itlos, Ax, 

k^x" &x. ThiMO two curves shoulti iiiltfrTiCijt at soroe pwipt, as i^ which 

^farFMp«iiiis to thu uaturul »tat« ol' oitiiilibriuiD at the twu uiolcculcs, In which 
their -dixl^Dce apart is A a, nnd thu futcE» of repultion aod nllractlnn, rcpre- 

^aented ty thi; orrlmaie a If, are equal. From t{i>» ct^rNiDPii puint i, (qwiu'iIh the 

[isAYillte tnu curvta shuuld appruacti rapidly this axia, irilhQiit however 

\VT me^lin^' it, ujnoe inall*T la ini]*m'trflb1u, flDd in thia part tho furecs of 

epuUiuQ M'prc^ented by Xhe onliniitd^ ^ y, &v,, will be gnnXi^t thui tlnjijo of 

attraclioD, ri^prcaentcd by the^ vrdiiiatua j' £, &c. To Ihio riglil of the point b, 

the curvea will recede from unch other nsnkiiig the ordinntt's x j, &u,, greater 

thai] t|i9 corcL-apunding oiiea x ^, j^c., Iintll ^otoe Jisliince Ax" iNttw-octl Lht 

.notisculea is reachcA when tho diiFBrcuiri" z" if bt-lrt-eoo the corresponding 

,rdiiiat«« is a ui&ximua], and rrum whiuti poiiat thu ciirvt^ will again appruoch 

^jwh othtr, Xo iotufaect at n »iicoud p^iiat i/, having the coininoR ordinate a' 4', 

uhen tha forces arc o^un Id equilihrium, nod beyond wbioh, !o liio ri^'lit, that 

-.frepubion agaio exceeds the one of aUriLetiuni. If, beyond this point b', Lho 

force «f repukiflD still cmntinuBa the greater, tliu cur\-e-B will aeparatfl luore mi4 

tDor^i tind will approoch the axis AX wtthniil ever Attaining' it, so ihnt nt 

lomQ dlHtaDice A x,, infuiite^^ ^ruat with rcspeu-t to tliv one An, corrvspimding 

to lUa naturul atate of equilibrium. t1ie corre^pouding urdiunt^^ x, t„ and X, y,, 

will h*i infinitely small vi-jih respect to the one a k 

Exnmiiiing nfl'v what Calces place io the vicinity of the point fr, when the 
aatiual atnt« i>( u^uihl>riiim ia siig^htly disturbed by any (•xtraneoui foreo, il 
will be ob»er»-ed that when the forcii acts to inereaao the primitive distance 
A a betweeo th^ miilectiles, ho ns to idiiIco it Aa + aj!' for example, then the 
length j'l'^^'s' — cc'y' will rcprusEnt the value of thirf forqi?, auJ i^ the 
iutenHty of the roslstjince ofTored by the force of attraction to tho displace 
meiit i.T'' of the mulccuie. In like ninnner. it will appear lint j:^ nieaaurea 
the intensity of tho force of repolsiot) to an e>;twneoua force that would dit' 
place the molecule the distance as. It will bo further obacrvvd, on an. 
examinatioii of the cumeB, that the measaro of the intensity of lh« resistance, 
otTeridl by the force of altnu:ti«n tA thu diBpUcetncnt of the taolecnlti, will 
gradually increuac with the didplnccment, iiatil it atCuina a maxiinntn ttBt« 

• t'" y'", tor responding to the diajilaooment A j'". from wiiich ijoiot it will 
di;i:rea4? to the |>oiul b*, the new poailLOD of ctjuilibriuiA of the inoleeulea. 

From whut baa becu thus far alaU'd, a clear ide* may be fomicd of the 
einstii' rbui^Lincu offered by the twu meloeulus to any I'orco which teiidiJ to dis- 
place thetn fro)» their state of nnturaj equilibrinn), aod the Iaw botWeeQ this 

' rcsbt&iice nod the ciirrea pun ding dinplnceiaent within tlio nuig'e of ehisLicitjr. 

, Fur k't aiiy axtTaDcous forcei ^m applied to aeparate or bring together the two 

[ Biol^eules, thA intensity of this force being Icm than tho toi&xiiau&i reaislsuov 
V"' If", its eBect will b« to change the dlelonce 'bctwetin the muleculeai ontll 



n>iik. 



«arf tmm iD^ the xtight «^t 



H L A> •(%t^ 



Mute ddogalioQ, of & bar Al 
I «f il, OTtinuUed trom A : bjr 1J2 



Hd^a«-4f ^ JMt <; W W lb* w^ffct sa>^Ead«d kt B^ uid t>f vUh 
MKrf<Pi^rflW»iiiiiij"rftttbif. 

TW W M ^ of Ok fattM oT iW hu B C and wtueh Uwda Ut ebogsM 

tL — *)«A; 
te kM fcn% m turn, m^ as *• fmd. C wJl QientroK be ecprewed I9 , 

W+{L— *l«Ai 
^lA At rfbti if Ah MnJB an itw im-uaI, nyiiManlad in leogth by 
«a btt feaa Iba pmeai^ ycafV^* «, to proriim u elapgation e»pi M wi 

'£*- "'• 

*■ liM iMflk «r IW ckMtvl <f ^ li^w wo^Btioa win tbeief sib be 

'-^ EA *'•• 

l■tlHl■lh^^hiiatp^*^J^lo^^wfc^^Ih^^■al^=olnd»■=-L^ there obtripB 
^ L + iifL*A 
*^ ^ EA 

for tfae toul iKgik rt^ * *ja atta tlaofiSao. 

fUlatxaix'. tmmfih^F/rtx^ar Srrmii ^pplicrf fv ■ iw^ or rod, 0/ a givmeratt 

poraltel A: f'c i^trYfAxi q^^ lengsk of At bar. 

The prijelpki nauls of expcriineata on Iba FMutanee oflarod by raat«n 
to rapture frvm a strab actiiig «itlt«t to oompres^ 01 teu asaadcr the psr- 
tielMithiu uUing into play ihe l«nat:ily. or thftir re^Uoce to eomproMian, 
HMVb be«n M ^1]y given, thst but lilUo reiruini to be said here further than to 
•how the effect pri>ducc<l by the weight «f the mal^riAl ilB«)f, in oiodifmg ibe 
HtraiD arialDg from nnv eilerniil fortH ; &]»» the manner En \rbich Cho form 
th« bar nsay be bo tuodi6t;d fts to moke it most suitjible to feaUt tbe 
ariwng from thU exUraaL tons acd ltd Dwa wi-igEit combined. 

Suppose a bar uf unirann croea section thou^hotit (Fig. B), the urea of 
which is (>xiin.-BS<.>d by A, aod iu length A B b j L, sobinitted to a atnin 
vinint; frutn u weight W, BU9pt;Ddi>d from B, udiI Uint of lU own weighty aDd 
let IP pepTeeenl ihu unit of weight of the material ofthabar. Representing by 
R, the eiv^if.nl af rupture of the ^ven inalerial, — liiat ie tJia atrwn that would 
teur o^uiider a bar uf i\\i »Aniu niAterial, the area of the cross BectiaD of whidi 
« unity, — then the reaistaiice utTerw] by Ih« bar A B will be eipreaaed Ire 

R X A. 
tlte wdght of the bar ilaelf will be expressed by 

LAW. 
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It le cHdent that the gruatest slnitn on th& bur, luriaiag fVom the combiupd 
sction of VV and its own weight, vilt be at th« point A, and will thereTore be 

» expressed by 
W+LAm; 
and as ttift reslitaace o9en>d by th« tenacity of the bu must be eqiml to thii 
■train, there obUunii 

R A = W + LAw 

[to expresa Ibe raqnired robtitiDS. 

To show the miusncrmwhiuh the fofmof a bnnnnybo 90 
modi^eii iiini the area of ita trosa Bttcliun, at any poiot, »bail 
be lust suttkient to ri'sJst [he iLrain brouj^bt upon. Ib« 
BUit«riAl al t}iat pglnt; l«t ft b (Hg. <7) be such a bar the 
length of which ia «Kproas>ed Ly L ; lut any portion of the 
length, as b a, be cxproBsed by x f let ir re|)r<.'KeDt the unit 
of weight of the niatt:rinJof tiie bur; Wa weight auspendod 
at its lower end; let the cross aectioD of the bar, (or 
BTUDple, at any point be a cirule ; let f daiiguM the mdiiu 
aa u d of the cross aeution iit the point o ; r" the radiua a m 
of ihe'top seutiuti; r' the radius b n of the bottoin aeotloti; 
&ad <^ :>; the length of m elf^mcot of the bar. 

The area of the croas sieorjon ut u ia t r*, and as thii 
area ia supposed to vary from poiat lo point the weight of a 
portion oftbe b^Af which the length ia s will l» «xpreaa«d 

K I ' t* • dx; 

fwad the strun upon the section at c, arising frooa thia weight and thai of the 
aoded w&ight W, will be espfMsed by 

bnt as tbii stniiD mast be jntt equal (o the lenacity of Uie bar at b, uiiM 
^B R X ' f" represents its measure, there oblaioA 

difi^rentialiQf this expreaaion, lliere resulla 



Wr c. 



which btagrated gi?es 






Log'' = -^*+C, 



which showa that the curve ndin, cnt from the bar by n plans throngn IM 
owjtfe, «* a hfiafitlimia «urve. 

Without passing from the preceding logaritbBun esprnaion to the equiTxIeni 
ttnnibera, vquation 




to nj[i' 
hclt.-.. ■' 

Mniin 
ifae b.,- 
nisi I' 
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JV 
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*«*-*&Mr eqi-tk* CB). tlM„ obuia. 



• Ai* (D) 

-i».- the <&to^ ' from the lower end. 
.> . « * for L in the «,a,lion fo hwt ~ 



>•*-<-> 



i^*t«ni«W. 



RelaiitinB btliceen a force pfidticing die Tvphtre q/ a soliJ body by a crou ifroiii 
on ii»_^bret, aitd the rettstanea cf eompretinon and txtension of th^ fibres pro- 
duced by the action ^ihe farce. 



The «fi«ct of a cross straic upon the fibres of a solid \ioAj, as & bar, or roo, 
eauacid by the action of ■- force, -of which the tfse of directian is eilhjr p^^ipen- 
diciilar, or obli^iue to that of the fibres, is to deflect the solid, bringiog a utmlii 
of ext«D£ioii upon the fibres towards the cODVei aide, mA one of compresBion 
on thuu towards tho concave side of thi; aoUd. Stpon-ting the tibrea whiolk 
ftre elongated by the cross etrcin tVom thosfi which arc comprvosod, il u 
genernUy imsunied ttiul llicn> oxiata a layor of fibres which i« not affiled by 
the erois atrain, and which, on that account, haa received from wiiters on thin 
Bubjevt tlie nacne of the ntvtral line, or nerural axU of the solid. It is alao 
generally asaumed thnt whea the deflpctioa is inconaiderable, the elong^tJoQa 
ADd ditnJDiitioQaiit ien^'th «f the extend«>d and coiapfosaed fibru which are. at 
equal dlNt'inces on each aide of the neailrai axis are eqaal, and Ihst iheso 
Ghangcs in Uie original lesgtha of the fibrea are proportional Lo Itie diatuicei 
of thv fibres from the a^utniL AXia. It therefore follows from what prccadu, 
that BO long aa the elastidty of the libiea retnojoa uiiimpatred under the action 
of the force, the reiiaUncet offeretl to elongatiou, or comprimsion, iviU bo proi- 
portionitl tv t)ie distances of the fibr^ from th$ neutral oxja. In the state <ft 
a solid immediately bordering on rupture from the effects of a cross strain, it 
ja probablu that the el/iatic limits of the fibres which are farthest from ths 
Deatnil lioe, ho'li on the cotiveJi ajid concavo ados, are exceeded befofu they 
ire reached by fibres lying' nearer to the neutral line, and that the resistances 
^flierefore nro no longer strictly proportional to the distinces of the fibres from 
be neatrnl aaia. But as the hypotheaia, that tha elaatjcity of the libf$a 
^Temaiiie unioipajred up to the motnent of rupture, approaches more nearly tha 
actual Ktatc of the (juiiHtion than nay other. It haa been nasuEDod by writera oo 
this subject an tliu bnsie of th« theory from tvliich the formulaSi sboning the 
leLatiuQS between tho foresa, .are obtabed, mad o correctioD for the imperfec- 
tion of tho pesulta thus arrived 
st]ia4 been "cught-, by compar- 
ing them with those obiained by 
direct exporiraent, and, by means 
of this coropwisQH, deducing 
fonnulaa mare Ln accotdancQ 
with tho actnai fitnt« of the ck8«. 
and laorQ BuiUbl« to pnutlesl 
appUcationa. 

Let A B C D (FSg. D) repre- 
Beat a loikgitadinul sectioQ of a 
bar Ormly ^tened at the end D| 
and setod upon by s forw W.at 
"is end B C, which lentSa to deflect tho bar. I-et E F be Hjo position cf th« 
ftentml wtiB, supposed to be known, and O P tho tine along whkJi ruptutea 
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II «■ lIiB rwisliince to olaQgatiun ofiered by any fibre at Iho diat«iipo y from the 

^ft A B. 

^paeatnil liae U — itc ily y, the mombiit of this ragiBUmec wiJI b« — dx Jg i^ 

twid the sum of the m(»m<nt« of dl ttie r^iUacu to eloogaLon wUI ba 
Tn like tnanner the enm «f tii« momentH of the reaistuoea to coniprosaion 



^f'^fi'y- 



Represealing by 2 the perpondiculnr from OP apon the line of dtrectioo «/ 
W, the moment of W with respect to tli^ neutral lino ueroas OP will bo 

Viz. 
To express therefore tha aecoud condiUon of oquilibrium (here obtaEoa 

n«prcsuiitin(; hy rfA =iis; ^jf the eectjon of a fibre, or an element of tbe 
"" -1 section eorreapondin^ to it, the eq. (A) will lAhe the form 



j-//-^-?/»^* 



wbich BXpressea ihe condition Lhnt the neutral lino AX (Fig. E) drawn tbrougfa 
llw secUon luj' nipturo ptts-fes tljrough its centre of gravity. When tli» neatinl 
Hue ther^forti divides the section of rupture eymuotricallj, &(\. (B) will 1«ke 
form J ^, 



^jf''^fy'^y='^' (^) 



The gum of the two inte^TalH in Bq. (B), and the integral which fona» the 
fifBt mcnibor of eq. (C), have received the niniDe of lh<« monitni tif T^jitute. The 
iotegmtioD bi'ing aSei^ted by llio usu&l rulea for integnJn of 1I1I0 fortn, the 
limits of J being taken between j = o and r = /i, and ybemg eithei- conntanL, 
or else a function of x, depending nn thi? ti^re of the section of ruplnrc, nod 
lift limile in Iht Inst coae Win;; ]/ = n and y =/(jr), the resultipg equntion will 
flxpresB the relations between the dimensions of the solid! imd the forcei pro- 
ducing rupture, when Uii* value of R has been suitably aacc^rtiiined by 
expvriioeiiT, 
I Diiforc pLoceeding farther 11 will be wfill to ofTcet tho intci^TatBona for the 
moment of ruptiire-, as e!([>r6SMd in ^q. (C) for some o-f 
lh« more auunl ca«es where the crnas etTction h>A unU 
fiirrn dimensions throughout tho L'ntire len{,'th of the 
mili.l. 

Taking' the cnse of a rectangular croaa eocUon (Fig< 

F) the breadth of whifh is represented by b, and Ih* 

tij F. depth by d = 3 e/*, the eijirosaiDa fvr the momefit of 



JUTEKDIX, 



mptnre iHicomea 



w 






tti Ihc case of u drciilsj' cro«s 8«cUtiti, repreaenting by r the nuUoa of tlw 
drolfi. (he expreauoD becornvB 

r ^ . 3 4 

In tha eaua of & tnbo with a roclanpiUT erosa aectlos (Pig. 
G), rppri'-iK-iitiQg by ^ and li thskteadth oad depth of Ihc esti> 
ricr rwtaDglc^ and iiy h' R.nd ^ the tike parte of ibe iatariot 
reclsnglt' which forma the hollow of the tube, the mome 
of rapture will be 



R 



6J 



Fii-O. 



and in that of n tuho witli a aireulai eroM aeclioo, r and r'l 
being Iho nulil of the exterior nnd intarior circles, tfa«1 
exprasaion bn.'ainoa 



R 



4r 



la tfm cjLue of a unifomi cr-OBt toctioTi IlliF (Fig H), repreaenting by 6 tb* 
entire bTcadlh of the anlid porti-on, nn-d h)- d iU depth : by 6' tho •iim of tha 
breadths of tlie rectjingular voidn nn ench uile, and liy i their depUtt 
exfHreuioa Wioiiies. aa in the ua»e of n tube, 



R 



frj" — W" 



6(1 



Tho' forofTQing examplos will serve to ahov.- the method 
nf obUiiiini: the moment of rupture in all Mkt' cuaei of 
■olid bare, or tube»i witli iinironn iirnss six'tiunH where Ihe 
neutrnl line dtvi<i^5tlie crriss Fwclinn symtnotrieally. 

Re^uiniti^ the c^tieral -espreMJon ^Cl, which shown 
tlia relations bi>twt^e!ii W and thi> olhor quiintiliua, and 
applying it tO' th« cose of a lioam with n KclAbgulAr 
EroiMi aactio-n of unifnrtn dinmnaions, the lenfrtli of which 
All, boyoDd tlio point wjiere it b (irmly faate^fid, ia repre- 
■ented by 2, the &xpreasion becOtnGs 
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■nfipaaii^ the niptDra to t«ke place, aa is evideiit from the eq., it will b looli 
H istae, at AD. From this eq. there obtaiiu 

W = R_. 

for the weight which the b«ain will bear at tbit moment of ruptura. 

If a beacd ]a luid horiiontnll}' on two propa, and ■ weight ia placed upan it 
it th« middle poiat between the props, tho tvodency ••{ Ih? henm to rupture 
will be at this pwiul; aud the atriiin upon the beam from W will evidently be 
the ume lu if the bvant werit tirmi)' fixed at tho middle point, and a fnica 
«{unl (o i W wure applied at the point whore the b«am lests lipoO one of the 
pTOpM. and in a direction cttatrar]- to (hat of W. Represeutlng hy t the di^ 
tauce tictwecn tho projis, b the br^fodth, nnd<f the^ d&pth of the rectaflgular 
cross HPctioQ, d t^iog e!itim^t«d in the wuiie dj/iKtioD » W, the pr^oo^bg «q. 
rl>) will tjLke the form 



cooaequently 



fa 



w=,ii5f 



It Ja from espenmeDla made upon beams of a rectoo^v aectioDt laid hori- 
zontfllly apoQ two props, aod IjrokGD by a weight jilaced upon them at Die 
miJxlle point between the props, that thi? (juintity R ban. been ttietenoijied fqr 
the different kinds of makrinla. Having dctermiaied R from a nomber of 
such exp^rimvDts the value of W can he. detonnined hf caloulatiOD when the 
(|QAnUtiea b, d, and I are known. 

If inatond of a weight acting at a aingle point, a beun of rectangnlu croaa 
secUoDi in strnined hv o weight uniformly djstrihuled over its top surface, the 
conditions of equiiihriiim from whieh the rclatJouH between the weight and tho 
dinipnHiciDs of tho beam are catablished will be exprtMSsed od foUowa: 
Representing by w the weight on each onit af 

lenj^li of the thiam, by d^ (Fig. 1} an elemental^ — 

lengtli of the solid at the distance z from the 
pciint where tho solid is (irmly faatcned, and 
where the rupture will taiiit place; then the 
weaght di>>tribute'd over the element dz will be 
wdt, and ita inom«tiI with reaped to the point 
of rupture nill be wdi, x a. CaiUog the entirei 
Initfth of tho solid L, the moment of the entire 
^eigh.1 distributed over ita length will bo 
upfeaaed bj 



r 



T 



VW^B 



ns.L 



/' 



»^«i 



U1 
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ud ihxii, from tlje e«ti<iiitiona oT frqnitlbrl'im, iniisl be eqnd io the iaam«Bl o(_ 
rupture, or 



R 






But trl expresies the entiru weight dialributed over the »olH ; therefore, fron 
this Inst oquflUoii, it foEInn'B, that its effeut upon th-e Bolid is the sazoe u if 
hulf thi.-* weight were aunpended from the end of the solid. 

If Ihci aoliil, beaidi^s nniiporting a wdg'ht w uiiiforuily dialributed over 
unit of itA leagtli, hoa also a. weight W euBpended at it> end, the condilioiu 
eqiiiiibrium. will be 

"f-^' + T' 

i^oUds of equal resistance. — This terro is spplieJ to Bftliils in which 
Dul^^riftl la 10 (Iibthbuti<dj with respect lo the ((tr«e, that the sttBia nnaing fron^ 
it U the same at every puint of the soliJ, uud the tendeui.'^y to rupture ia Iher^ 
fQr« the same at bI! poisla. Id r htsni uf a usilb'nn rectangular cross AecCion, 
fbr exsmple, plucud under tho ulrcuiuatauces all;^[)09«d in the |>n>c(uliug euea, 
the rupture will taku pliu^f i?ilher nt the tn4 whtre the beam ia firmly fixed, or 
at the middle point where the eiids rest oa props. As Iheao are the weakest 
points, there will t>e nn excess of Btreo^h at all olhcr points, and Iherufore a. 
yrttatv of Qial^riftl. Thc8« Etmsidi; ration & hnve led to au cjcaiiuiuitJoQ of ronoB 
by wliicji thb wnsl« might bp avoided. The cliMg* uf form of the solid ia 
usually elfucled by vnryiog the diuieniiiona of its lungitu^ol aei^tion made hy 
a pliinc through its laia, th« plui« of Be>i:lion h«iii^ eitlier paralM to the linai 
of direction of the forces or perp^iidieulur to il, preaeniag eilher tbo brcadUi 
or depth of ita eroaa aectiOD the aame at all poiulH- a 

Suppose a h«aia (Fig. K), vf which th*' 
upper aide ia a plane surfut'e, plitced in ■ 
horizonla) portion, firmly fssl^ned atone 

_/ ,B end, and stmincd by a weight W at ths 

other; it ia required to delemtine thft' 

farm of its longitudinal »e«tion by n pl&n«l 

through ita axiii ginrdlel to Ui-o direction! 

/^ of W, the breadth of the crou. bmHo 

boing the same tllronghout. 

hf' E- I'et i represent the length of thi 

portion of the beam Htruned, A iho umfonsi 

bieadlh uf ita crora aoctiun, d its depth nt AD, where the bofuA ife fastsTied, gl 

thedcpiij of tbe cross at any point, the distAoce of which from B, where W, 

acta, is x: 

To Jind the value of d (here oblaiua Jram the pret^eding oqufttioat 



WI ; and d 



V6W1 



AiTEmi^ 



ud tot Lhe relations between y and £ 

A relatioii betwe^ea y sad x wtiich e3q}f«s8eB ihiit the longitudinni uclioD of 

tiiu beftcn must lie lerinuinltKl nt the tHtttom 
^n b>' a pnTubalii, the viTtox of wtiioli Is ut the 
pomt B. Frotu th« conditioas of the pro- 
bl-em n aoliJ so alinped will ofTtT na etiiul 
resisUinct' nt every pubit to the strAia ariaiog 
from the afitioTi of W. 

Sappose,s3 id tlie Inal due, lhe Cop siiifjK« 
of this solid pliine (Fig, L). its brwidlh 
liluJortd, nnil that thti atralA nriies (ram S 
weight BO uniformly distributed over each unit In length of the t«p mirrace. 
Adopting the BBine ciotation as Id the [vevious case there obbuus, to find tbe 



tcdi 



Fit. 1. 



VklUti of d 




t 

- ■— , hence i= 






6 


= '\ 


ud to obtJun the reUtiona 


between x and 


V' 






= — , hence y = 


Ac 



m 



A nltAioo that shows that the lower lina of the longitudinal ■ecCion is the 
right line BO, 

HuppQUD a solid (Fig. Al) with, 
a r*ii,-tiiiigular cross Beeli&ii of 
uniforcn brciidth thniQjr|iir>[Lt, the 
lower uiiirtLcv bfln^'' plun^, Inid 
horizontitlly upon aiipjinrts nt iU 
extreiuilies, &ud Rtraiiied by a 
weigliE plfttf^.d at nny puint between 
ih? poitjtB ot'Muppor!. 

Rflpreannt by h thu tinifonn Irendth of lhe cross nectioll, i>y d ils depth at 
the point w'here Vf acts, { half tbit horizontal distance between the supportsi 
and c lhe disljinco botweeii the point D, where the weigiit «els, and the point 
C, Lhe middle point b«<tw&en the eupporI,(i A and B, Tho salid will 6vid$QUj 
be in the aamc alata ns if it were coniiaed at the poLiit D,, and a weight equal 

lo W — were applied at the point A, and in a coatiaiy direction to W. The 
aondititHu of equilibrium thererocB wi]l be 



Fij, M- 



i«P J-c 



R^ = 



21 



(J+e}W=W. 



hen« the depth of the beam at the point A ii 



afto 



Ar°E»>u. 



V^ 



aw ip^' 



RbJ 



II 14 evident TrAiu the preceding Ibjit, in order thai the soLd ^htl[ \>e cjiuill 
•trang throughout ia Ihia ciue, ll)« top o[ it uiuvC be foriutii] of iho portloi 
of twu [inrsliolns. lti« vertices urwliii^li ure ut A uud B. 

Wvsv it Ki)iiiKd to .'lac.i)!!!*!!! the fonii of the longiludj^ se^tiot), ko ' 
th« BoSic] shciultt be fijually strong to reust ih-e adJon of tli>' weight whe 
placed at any iwint bL'twc>Lia tbe supgiorU, the preceding uquadoD ot equ 
libritun will fttXTC l-o (publish the rplaLJoa bt'tween ths puts. Par kji 
lug Ihe depLh of the eoliii st any poiDt by ji, and by x the dorrespoii 
dietODCO fVoiD the middtc jiointi between the props to the point D, where 
Weiftt acts, the fw^ae^Hag i>qimtii>n will toko the form 



K^ = 



W 



•it 



T 



*B 



which la the equotion of an elllpM of which the verticea arc at the pointi. 
and B, and of which the aomltonjugElt' i* axpreaeed hy 

/JWT 

BnppoM a aolid (Fig. K) viUi a nnifor 
thickness cf in the Lin^ of dim:tiDa of the' 
weight, hilt of vnrinble breadth, subjected 
to a atr-iir arising from ■ weight nniformly 
distribulod along the centre line AB of ttie_ 
Bolid. 

]CGpr«fientiiig hy tj aoy oTdinalo PM < 
the curvo which bounds tiie t-op surface 
pj_^ ^, of tho solid, luid by ^ its ubaciisa Pfi ; hy 

ID the weight borne by each linear unit of 
AB : by (2jr any elementary portion of AB, at the dist&neo x from B ; them 
tD tix w-itl be the weight djalribuled over [he element dx. To eipreaa tba 
coodilions of ciiuilibrium between tha ni-'jin'>nt f>f riiptare of the eroa^ eeetia 
at PAI, and tbal t>f tho weight of any portion of the eoUd of the length 
tbere obtains, 

R -^ = fZdx (*!'—*) = 1 toi (ay— »> 



Reprwenting by I = AB tbe length of the solid from DC idiei« it U SnBl;_ 
tixcil, uu) hy bt^ AC, the foragoing oxpreiBion becomea 



R -;- = iwP i henee b ■. 
H 



Rd» 



Sinpfl for the eroaa section at AC, 3! = x'= I, and y* = J. 

The preceding cspressiona show thjit Che curve CMB ia 
which C is the vertex, and the Udq CA the ajtia. 



panbo4« 



ArrEsnn, 



an 



From thfl preceding pxuniplps, the reUtions betwem the moment of riiptnM 

Kn4 ihe Btrnia causr^d by a force acting iQ A giv^D QlAAIi^r OD & SAlid of iSy 

form ot*cr<j3ii aecttaa, whether conHtani or vunBblc,iua)~be MtAbliskcd when ihe 
dimeusioos nf tim croae aei^tion ore coDDciitod by any geouwlcivBi I:i,w. Id the 
muflt impcirtiint caaea !□ structures, tt)«^ ri;lat|cp[)3 aro usually ^xpr^BH^ Id t(u 
tDOdt Him|^e temiB for vonveDient uithiaetiaal coli-ulatluD, tho caoatauti 
rejiwsentwi by R in the prficeding ecjujitjons, t«fng dotfrniinod froto cxpori- 
m&rits Qjule oq the aulids of the furoi Id whicb the foriuulna aj% applic^abk. 
Csumpltr» of luriDulsa (leriveil la tlib manBcn and Fidapl«<il to uritfii!iietii.-jil col- 
(^qULIqu, kTO' given In Art. 3'I!0, pKgti 0^, tud bL thra ciid of Note A ou lubulu- 

A Isrge number of experiimeDts have b«eD nude In oMertaJc the value of R, 

by auliniitting aotida of a retftajigulor cruai section to eross alniina [iroduciDg 
rupliirc-. A« caight havu Wen BctivipBt^d, the Tulaes of R s-u deti^niiiied raty 
roiisiiloraWy. The niiiau vaiue fur tiinber in ubuoIIv takeji at fJ.DOtt. ami Ihnt 
toT L'ost iroD nt 40^000. la prwlical iippUi'iitiou^ this vulua Ibr timber is 
reduced to the on«-tcQthi ot 120Ui, nod that fur cnat iron to Ihti fuurlli, or 
l(),OOU, of that d^knuined by experiinent, wlioa thu rontmlfu; ure asvd to li\ 
Ihe »tniin to which ihn maturiul ?jui be aubjuctod in safety ia Uic ordinary c(uca 
■ if atructurea. 

Wmwier of tsiimaling the straim on framet of ttfiKght Stams tf rectangtilar er«j» 
led-KM, and the reiatiani hetuxen ihe atraia on fofh pww flW ^it dimentumf. 

The prubl^ma pre«eilt<T} utidt.-i' thi» 1im4 conmt of two Imrta; the first, loj 
Andi the dirni-liooa jind latonsitiL's uf the strains on tlio compnnrcit jwrts of xJ 
ftaitie, ccimjiosod of straight beams with reclnijgulnr cross aoctioEs, nriainit from 
IL ^v^''n strain airting at ariy axaiimt^ puint uf iho fraillC ; thv MH;<>i)d, so to l>ro- 
portion the diicierMions of eocii part t^iat it shnJ] rcwat, without diinger of ruptiirf, 
the stmin thrown upoD it. The iirst part dupt-nds for ita ftolutjiin on tJio twu 
ftawWivntd fro positions of alatifs; (iie pai^H'.'llogTatii of fprces and the tlicrf- 
ivm of munitnt^i. The second is but an application of th>u prt-coding fnrmulna 
in tlua note. 

Solid Built Beams. — Tho icisiataD'Cc otTcred by this class of beams to a crnea 
stniiii will di'pond ou tlie uann(.-r in which the pLH:o§ arc placod togotliur, aud IhvJ 
eonnexion l>elwe*n thiiir siirliieea i>{ contact. In boaniB liki> (Fig. 67), p. 171, j 
ait, fiOSi in whii^h iiach iMiurso ia formed of two or more beams abutting'' end to ' 
end, nnd all tbe courseaare linnly secured to each ullior, lo that the i«urfiu.'eK in 
contact cannot etido on ench iithnr, wc may rogwd llio Btrenglh of th* beam, 
e^pP'Osing' the coursca of tquFtl tliickncas. as cqiiul lo that of a eolid beuci havini' 
a depth iH^iiaJ to tbatof llio built beam diminiehed by tlie thickness of one cuiiraa. 

Whof^ ejicb uourM c^oasiijiit of a ein^e honru, and the whok) arc unititd bo ai> 
to pri'vitnt sliding (FJgs. fr^, Six,), then the retiiulonce offoreU may bti regudod 
tho uuno UB that of a aolid beau of equa] dopth. 

Adopting till? fjone Dalation, ns iia (he' prect^dilig piitt of the note, for beuu 
«f rectAngular crou aectioiTi the furmidns for a Holid beam, on pp. 386-7-8. niay 



883 



APPEinHX. 



be UB4^ in thi*M coses of built bcanu, uodor like drcumsUnccs of Ike pcartioi 
of \Ik bcana und Ihe point itf ap)ilicAtii)n and direcliun uf iti^ straJD. 

Thi' f«niJiilR lit Ihe Irotljom of p. 369 is applicublo tn this eluaa wbeo. subi 
ftiittnl t>v s alraio lu-tiog' ut fluy point bctwcun Lhu vecitfo of Ihe beam uid it4 
iwinto of support. 

Id aII 3iii-Ji vfi^'g. huwert^r, tliv liability of the lufma to break M ono jMtint rallit i 
Ibno ^JlO'^l(^r, owing to tbi} litnimer in u~KiiJi it 19 built, Wft b» •;tai.'Uil\y cuii- 
adored, nud a sultuble iDodiftuilion of the f<:)rtiiula ito uiiului if n»[iii»[<i, "Thu 
qunotity R also, wlii<;h ontt-re btji tho furmuUs, anU wtucli for solitl liiulMr it is 
Btsieil ahuuld Ihi ruduoed to 1^04 lbs. in uises of practice, may bu furtlitT 
reduced one-third id such coses, to be un Che uHle of aafetj. 

Oftn Built Beams. — In ihU clam of beams (Fig. 63J, p. 179, iu iriiii-h tlia 
bn»ddi and Jepih of 'Hiv s<iliii ports at lop luid bottoin is the suae, IJie rnktidus 
boLweeti the wcig^it ihnt the bt^jun will biiar witli aaSbtj applied at Uiu 4:«iitra 
point between tbe fiupport^ and tbt> other (iuQatitit>a will bo 

ia whii^h R' ia the minced voliie of R. 

StAid fkatiu. — From the formula (D), p. 3S6, by substituting R' for R, 
obtiina 

which pvea- tho rebitiona whicii must piiat littween the n-Hght and dinnonaoas 
of this bi'wu, in order that the atrain on thi? unit of aiirfaw of tb^? (ibroa shall not 
exc«(>d llic tiiiButity K\ If, in nddition to Qii? alnun ftriabg Ergm W npplied per- 
pondicidarly to tho ads of the beauj. ther<i was (mother W lurling pnniiltO li> th» 
iiiris. BO H-1 either \« ooinproM or extoiid ihn tibn's, \l\m would un^ ft aimin on, 
the unit of eurfiwii of the uiobs ac<;.tioa expreaavd by 

W 

bd 

lo order, thorefore, that the total strain ui^g from W and W, applJod u heH 
Buppoj««d, slmil not i^Kuoed (hat which the unit of cross Bectiibo win be snbmitted 
t9 with uLfuty, there moal obCidu 

W7 W 
biP bd 

If we now suppose a boiun fFig, O), fiat- 
elicd at one oxtrcniity, to \tv Bulijccteil to l 
stnuQ np)>tipd itt Hks other oblii]iiuly to ihO' 
axis, we can r^^nrd tho obliijuo »tMin u 
rt'pLiKw] ijy it-s two comiioncnta, the one per- 
pendiuulflr llie nlher purallel to tho lUJs nf tho 
beam. RoprcsuntJng thti pcrpendieuliir moi- 
pouent by W. and tho pajallcL ono by W, ihe 



4 



r%.o. 



IrfBKStX. 



lunn nitLtinnB will (evidently obtiUD betweea tlieae compon^Dts and Ibe oliMt 

qimmrtiVa .19 'iti thp prec»ling case, m order that th.a strnin on the unit of are* of 

tfie crwis scrrinn shall not ejtcoed R.'. 

VVIien n pressure, or & force of extension Ls a|ipliod 
pamlle! to th« axis of a beam {Rg. P.), but not in Iho 
sonib liDo vHtii it, ita cflbcts will ba to compress, or eitend 
Iho b<?BtD in thedireelioD nf Uie axis, aad to produce a erosa 
atraJQ on the fibres, omag to tho t«adoiicy to bCQd tlu 
bcnm. 

SuppoHD^ B, vertjcnl beam a. b, listened at the polat A, 
and a. Weiglit W dppHitd at tjkc extremity of uOi-ther imam 
B c liniily coanocted wiLh tho firatt. aad perpendiculju' La 
its axis. Ilia compreiision of a s, in th« direction of tho 
axie will \k ^qiM U> tl>« onlbe weight W, and tbttt »u lbs 
ODJt of artm. will be 

W 

in wluch b is the liroadtli, Aud d tho thickness of a d, tho latter osttnuitad In th« 
■^ano through th6 JLds in which the force uts. 

Repreaonting by h the horizoDtoJ distance b c, from tJio axLa at whidi W actM, 
Iti momeDt will be equal to the momeet of ntptnrfi of tlie fibrei, or 

Id oHai, theQ, thnt the stnrn on the tutit of area shall not ezce«d tbe preseribad 
Smit there obtains 



Kg.V. 



^L L«t tlie ciue now be suppoaod of an Id' 

^^ w dined beam, ab, which resia on n horiion- 

' -. yr y^yW ^ surfju-e a c whilst tho upptr end lies 

/ v^^/B against a vertical aurface a c, the beam 
/ l^yy^ g hai-ing a weight W^ siupended from ita 
//> Z*^ B mUdlo point o. 
J^y^y^- B Repre»FTit by f the length a n, of the 

. >/^v^ ri ■ b«wn, md by 0, the anjle betw^n it«a»% 

„^_^^^^^^^^^^^^^^__ and tho vertical at o. 
^L ^^^^^^^"^«1^^^^™"" Leaving'out of fonaideration thof-iction 

^M \/ I between the foot of the l>eatii atid tha 

^B i\ *e horizontal BUirfai'e nn n'hii;h it rc3ta,itia 

^F ^' evident that Uie re^lion of tha vertleal 

Aorfaco against the upper ead would cauao the beam to alid? along a c, omd 
that to prevent this, the end, a, must be confineil TTie lendoncy of W, ther^ 
tan, will be to tnni tho beam around the paint a, and this will be count«raeC«d 



isezma. 



by tlic reaction at «, acliog horizoolally. I>(isignitdDg liis form of reactioii ul 
B, by 1', Uiura obtaiits f^oni iho th**irem of momeiiite, 

01, Hubatitudiig Tor i, D uiil A^ E lh«ir respMtive vaJuQB, I oos. n, uid i 1 sin. a 
P = J W tan. 1. 

By eoTifinitifr the f.int of tlic bcaiu, an eijiuU horizoiiUiJ force is c«lled inW i 
piny u.t A, uliilist tfag t'>[al Wci^it, W, Is supported at the samo pcdul. Tlie total ' 
prc^iini III A nilL, th«^n.'lure, Lw Uie n'sullunt of theae two fonM>3, which are 
pcrpcndJL-iiliir to each otlicr, und will be exprusacd by 



VW' + iW»laa.'o = W Vl +4 tun. 'a. 

Or representing bj* A b nnd A c ihe directions and int«iiiiities of tbe two ftnei, 
W, and j W tan. a, Uie dingo nuL, Ad, uf the rectangia will repreaant the diivciiuQ 
u<l iiit«iiHty uf the rcxoltoat. ^H 

Having thus fumiid th& aiognitDde, direction, and poLot of applicaliua of tha ^H 
tWft forces, there i» next to be eousidercd thio Biiains to which Uiey Kubjtut the 
fi)jrea, To da tlu&, the beam may l>i.' rtgiLnied as confined aX fha point o, tfav 
Jowor portion, o a, being acted upun by ihe two foices, Aband Ac,iit the poini 
i.; the [ippcr purtion, -ub, by n hoiizuntnl forte equal Ia ^b, at Ihe point B 
OoconipoalEig the ftrrco A b=i W tan. a, perpeDdiculiu and psjailel to the axis 
A o, liie conipoDents witl be .repr«flent«d rosp«%1ivc'ly by 

1 W tiLo, a «4«, 9 ; and 1 W tan. a an. a. 

^u components i^f W in the same dircctiana ore 

W tan. a; and W cos. a. 

A wiU be observed that Lho componenta perpendicolar to the axis, aod wHch 
Drodu(!o II cro!<9 etrain, net in apposiUi diroctiotia wiLli an uit«Qu<y oqiml to their 
differoncd expreswd by 

W Bin. a — 4 W tun. a cos. a=i W an. a, 
Th« eomponenls parallal to the uda net in the anine diroation, compreaain^ths 
fibres with ao iutoauly equal to (heir earn, And expruiiBed by 

W COS. a + iW tan. a sin, o = W tea. a (1 + j tan, 'a). 

K^preauatiag by b the breadth, imd d the depth, o( the boam otinuted in tha 
plaD« of the ror<$«i there obloins, oa in the prfvcding caaCi to represent the luoiL 

□f tho atxoin an the unit of area 



„, W Bin, a f 



WcoB.fl.(l +^taB.'a) 
bd 



Cot^deriiLg next the uppef half a b, whi'l^h b acted on only by the horizonU 
force at n, cquuJ to i W inn. a ; the cumponenta of Uiia forue, perpendiculiur Hid 
yanllel to the axis, are 

iWtuL actM.m; and ^ W Un. n. liiL a. 



ATTtKOtX. 



Tha perpendiciOar oompaoent produdii),' a cnws strain, utd Iho (u/aUel one ■ 
Ktrtia of (.'ompTCB^oa. To >eTpTeBB the limit ol' tbs atrain -on the unit of uif 
for (his poiiiun, tbere ublniiui 



B'i 



, Wmn. a I , W tan. a. sin. a 
I — rm + * 



bd* 



>er 



F*B. 



Ta prevent tho llsiure of a hamonta 
beam, m a a (Fig. R), citnfiued aC one end, 
and sustaining a. wttght at thu other, an 
inclined strut b c is phcuA beneath it, 
abutting against aaiaa fixed point as d, and 
ogaiDBt tJio b*flm at BOme point betwoaii *. 
and b; orelaa a tie h uaed lofidltig frotn a. 
point C| to some fixed point, «a e abovoi 

Repreaent by I Ihe distjiace a c, by i* that 
a B ; by a the an^lo that the luda o|' tho girut 
mokca with tho vf rliciil. 

As the point c is fixed, tho weight W, act- 
ing at B, will tend to turn the bi.'uin around 
this point, and thb will coJl into play a vor- 
tical furc-e at the point a u'hJL'h, from the 
tiieorem of roomont^, is ezproaaed by 



tbe Juod pobt a, therefore, Bnahuna a verUciJ effort whtch ia equal to the sam 
of thifl force and W. aod is BxpKssed by 

Ae th& point c ia Biippork4 by the atml, the vertieai farce at c may ht> 
decomposed into components in the direclino uf Che oice of the strut aai thu 
beam. That tioog the strut will bo exprtiisod by 

w 'i^ 

(COS. a 
aad will comprcH it In the direction c t>. The ane aJosg the axis of the be«ai U 

and will prodne* a rtrtiii of exlonaori on the part a c of the bcjim. TTiie poN 
tion A c is, therrforo, bnlijected to a truss Btraio, whiub tfods to puptimj it a.% c, 

from tho fcfe« ff -r it the point A.nnd lo cxtc&sion from the force octing along 

Hft axis. fbaiQ ehtaisBr UwrtfoKi to oiEpr««e tlH limit of the atnia on tne ntid 
of an* 



AFF^HWX- 






F«T tl)« atrnt there obtUDs, 






&* and if being die two adoa of ite reetuigiilu' uroaa section. 

If Uie beam A B (Fig- S) ia Bupportod by a. tej^ 
post ji & lirraly fimtotiixi ut a, thC' stfama on tho sbDl 
and the pan a c will be estiniatod aa in tJio out 
jtist examined. As to tli>a stfoioA no the post, it wUl 
be cWrvHl that the furce acting dotig l^e etnit. «ii4 
which ia reprcseatod by 

/cua-a 
will be (moamittoid to Ihe point o. Tliis will be sqni* 
vnlent to a horizontal farce ropreaeated by 



ud 4 vertical one raprose&led by 



wLtXto.-; 



T 



w 



t+l'. 



acting si a 

Ftoeii the donaeilon foraaed by llu stml between the horizontAl beam and 
the post, (he eSb>ct ^f those two componcals vfii be Ut csuse a proasnro an tlM 
port D E or the pest, which uill be equal to W ; and to produce a cross straio b} 
tit» borizoiital force, the mament of this farce bolng aiproaaed by 

' = w <i + rj. 



W — ; — tan. a x 



1 " tan. a 

Te express, therefore, the liniit of the strain on the unit ofue& of tUapert Dl, 
Hun obLoioB 

**■ = n* + u" ^J- 

In like nuinDer, the port L a will be subjeuted to & cross <tndn from the boii- 
toQtaJ fori'& aborfr-niec tinned, -whii^lj t^nds to cnuae rupture *t the p^ini d, mi 
to B strain of oxbenaioii, auling up\viini3 along a 0| from a Tortical force at A 
BzpreMed by 



n* dmlt of tbe atndo, therefore, on thia portion wQ] b« 



irFziroct. 



By comparing Iha twii exprcsaiooa (X) and 00^ >t ^^ ^ B<^n t^' ^■'X ^^ 
be equal whan 1^;=!', \a wliiiJi uiss l]ie ])oat wi!] h&vo an equul tondi^nFf l>o 
raptttM at T>, at At uiy p«bt of thc' portion d e. When i < I' then the tend- 
sacy (o rapture is rstber in the port d e, tJiAn at n. 

^The diiK-uMioD of tlm etrauu on (figs. & 
^ p ^/ ^ Knd S) natiimUy leads to ft OfrDBidemlioD «f 

1^1 ■ ^" r, 1 w>cabiQaliwa8 of bwuns nepreaeatod ia (ITga. 

-| /v_„j v\ r; R'>mds-). 
M/X I \\ In colnbiiuktioiis or litis kind, tbo aiinpleat 

■fT 3 \ ri' uid ftai'eat plan cooauls Id suppo^og the 

H K p &ani« resoh'cd into parts, auch that either 

Kl pi ^ORQ wifl bo etroDg' en^u^h for tJio vbjmt 

HP I In vi&w, and to regard their caD:ililDa.ti()D ta 

' affording an cxa>eBB -of atrea^ BuHiucal to in- 

^ ' sure perfect ufoty from niptnre. In {Kg. R'), 

which ooudatB of & hoikcpDtal beam, resting on the polatA of support a, a', 
and Hupported at the intennediata poiDta c^ c', by alrats d c, d' c', firmly cod- 
^K iiKt«d with the bcani, npd at the fuf^ poinla, d, o' ; the' bfAm, in the finit place, 
^f may be regarded aa alone sapporlin^ the weight, W. at its iDiddle point b, and 
' the area of its (toss aoction be so del^rmined, Ihikt the stnuB on th« unit of area 

ahotl not t>e greater than the limit hxed on. Hat-ing cAleuIalod the dimeuiuOBB ot 
the hnrizontal beam in this maaniei,. the weight may, in the socond place, be 
regarded as supportMl by tha porlton c c' or the beam, and the two strala d e 
aod d' c'rin which vase the etralna on these parts, and their Umita on the unit of 
area of th«ir cross MCtiun wil] tw delermined by aonudering, that at the pninta 
O and if a vertical force J W is acting, the cnrnponems of whtch in the dir>ectien 
c B and c B are reopectivdy 

W 

a^S:^; aadjWUiLfl. 

lUpresenlJiig by tf and d' the eddea of tiie enwa aeetian cf the atntt, ther4 
obtainn to eipreas the limit of die strain for it 

I,. w 

"- -acos-afj' 

Far the portion of the benin cc'. it may be regarded as confined at ita middle 
point, where W act», and subjected to the two fo^rcea 4 W, and 4 W tan. a. the 
firat prodiidng a crosa atmin, and the second oDe of compreaaioa in the directioa 
of its ana. Representiag Uifi diataacn a c therefore by f, there obtaiiia to 
axpresB' \i>^ limit 

awr 4WtaD.a. 



R' = 



Repreaenting by 2 the dlntuice * c, them obttina to exprwa tb* liiidt, wbai 
the hewa *•*■' alooe suatainA the wdgfat, 



aes 



H-mrDQL 



R': 



6 W (I + 1') 



(Y'.J 



Now, compuing tfae two value a of R' in the expresNoiu (X') Bnd (Y')( h ^L 
oe leen that the utmHuiLlioa or the struU and the paoe co* aIooo will k 
itrongnr thou the !>eam i. a! aluoct wbou 

**"" < T' 

In Uko Bn&jmerinufimbtDAtioDa Uke(l1g. H') 
in trhith the points df aupiK-rt afc two poHtd, 
A E, nnd a' e'. tinuly faatcoGd at £ and k', we 
iJiny regard, In the first fAtui6, the bc4lt) A a' 
tind Uie two ptiats as sJono HUfitiumng tiie eii> 
tire weight W, appKed at b, the ct-Dtre point of 
A a', and ascertain tLe lmiit» of the etmns to 
ivldeh Ihese pieces can bo rBBpectively suU 
jon'tixL Tlien the wt^ight may be ccmaidBrpd bs 
nustjiined by the porlioa cc alone, the two 
struts, c D, and c' e'. and the posts. Harbiff 
iisocrtAJned, ea in (Fig'. 3), th« stniliiB on thenu 
parts, and the llinita to which they can bo sn!^ 
jscted, ff it be fonnd that either of Uipge combinalinna alone will !» BolBfiGLdy 
lAroag, l}iQi> nil! the -eulire com^ntrntion hs^c an e:Si;('AS of Atruiglh. 

As the beam a a' b finnty connoctcd with the poata at a and a', it strain of 
extension will bB thrown on tLe portion A c, tram tha prea§iir« at o acting 

W 

throngli the strut o s, whiiih prsBSoro is represented by This agaiii 

may be nigardcd ns MjaiviLloDt to s borizontaJ and a vortica] force rospectively 
reprwentad by 

WlAn,a 



Hi. a'. 



S 



and — 



Bepresonting by h, and A' tha difitimcc e d, and d a, the horizontal force w3 
csiua a atialn at a. acting in the< dtrectiAn a c to extend thia part repreaanted bjr 

acST"hT 

and one itt (he fij^ed point & represented by 

W Alaa-g 
2 (In- h') ■ 

'Rioge two oomponenta of the borizortni force it d wilt caiuie a cross Blmio on 
Iho post. We timy, therefore, regnrd tbe poat as confitied at Iha point d, utd 
tha portions on each dde of s uubjoctcd to a cross etmin ^ont the Iiomonte. 
componenitH, the moments' of wliMi oonyH)ii«iiti wU b^die HUM^Mid aaipul 
Ireiy reprasented by .v» ■! .i ^■;-isi mi>'*'^j n»"ti i>4i 



* 



1 




unnux. 



Why too. a _ 

api + fc') '*' 

afoA Ut ■ Btntiji in the dlrecttoa of the axis repreHented by —. The limit there 
fore, of tha atrdn to which the post con be subjected will be 



R'=. 



W 



6 W A ft' lan. fl 



in which b' stid d' arv tbei eideB or the rectangular srtws wctian of the poit. 

Straining d.T,d Tie ^mmt,— If the etrula c d, c' b' (Fig* &'.&'), iiiflte« 
of being oounected with tlie beam a a', abutted agaiast a atraiiiing bernn placer 
beneath the portion c c', us shown by ihu dott«i line, then Iho horiionlal strain 
on the hesita a a', from, tho ai^tiivn of the atruta, would be bonio by the straia- 
in^beam oionc This portlua of the IVame, compoaed of this beani nod the por- 
tioD c o* of the beam a a', may bo ragHided as a aingJo beftm 8ubtiutt»d to 
a CTOas BtnuD from the wdght W, and lo a strain of oompreaaioD on tha strain- 
ing beams nione from tho horizontal oumponeDl of the preaauro at the putnl c or 
c', and tho rolationa bcUv'evi) the VaaWa of th& stRiJn AS Uu unit of u-eii ntad ih* 
diinonHODs of ths Im^udd be found aa in the previous coava. 

If the atrutx, inatujid of abuttiiLg at n and d' Eigainst (he wall, or poala, wera 
coaluied by a tie^ benm ^howu by (ho ilctied \\UQn d d', thia b«aiu would rolic'Te 
Ihiiso pomls from ll)o hoiizonld proaaiiro, and would il«elf be sutyecItiO to a 
str^ o-f evtcDMon e<],iLal in amount to tho horizonUil strain on tito stnuiunj,'' 
beam. 

In tho preooding cases, tho frame haa tx;en considered as subjectod to tha 
■ctiotn of a Htniih dctin^ st ono pomt atone ; if, in addidon to this, th« beun A a' 
waa subjected to n strtiin uniformly diatributcd oJong it, the veciicAl pressures aX 
c c' and a a' would have to be increased, Rcpresonting b/ lo tho wnijj^it uni. 
formly dlatributod fin tho unit of length of a a', the total weight aa the portion 
A c will bo rt'prcaented by w 1, and thot on ihe porlioD a c by tc f ; the serli 
cal presBura at c ariatDg from theso two will, thorefore, be ropreaeuted by 

iwl+wl', 
and thia mtiat be added to the vertical component of W nt the eune pout, m all 
fiio prece^ng fommlaa:, to make them Ap^dkable b> thia cjiao. 

CoinbinaUoiiHr like (Fl^. T), coDh 
posed of two inclined fiwxe, a c 
and & c, abutting' agains-t each other 
«t A, and confined at b and c, rather 
by being inserted into a homoutiil 
lie beam, or abutting agninst fixod 
pouts, ma^ be iLtTaDgo<l cither ioi 
. BUBtoining a vcrticAl Htmo at the 
point A, as that ariiing i>am a 



>»1 



weight STiapended »l a; w, 



400 
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the cnsa «f tho rafters of n roof truss, U> ^anUin a presinr* oniformly distri. 
Dat^ over Ihe Ln-o inclined pieces. 

Repreaeniing by p and q, Ihe nnglca between the inclbed pieces, uwi tba 
vortical tiirough ^ the ttinipoiioiiU of W, in tee direCtJOfi* a * M>d a o, wUI 
bo reapeclively represented by 



W 



Bin. q 



W 



«n.Cp + l)' "n. Cp + 9^' 



iiid the hoiisontal pressont ot k, wbidi ia the suae a& &« hDnEoqUl rtraia at 
Ihe poiaLs B and c, i^ represeated by 



W 



ain. y am. i) 

BnTcpTqT 



£uh of 1a«» beams may, <h>9refore> )>« refunded aa cooliiiQd at their lower 
poiatK, Dod aubjectod at tlieir upper ones lo lliei atnuaa io the dirwdon of their 
axes just dolcmiinod ; and from those Iha relations between Ihe limits of the 
etmin on the unit af uroti and Uie dimoauona of the bauns can be detenniued oa 
in the preceding exKOipIua. 

Wheo tho ADglo p ia eqanl to j, the almni in the direction of each benm 
be oxpru&aed by 



W 



and the hoiiauntal Btnun by 



HCM-p' 



i W Ian. f . 



Were tlie benms in this laat com, Inateod of suppurljng & TerticA] prcsauro at 
loa point a, ench subjected to a vertical sLmln applied at any point between x 
and tho ffrot nf eiuh beam, it 19 obvi'^iiis chut etich wouJd ba in the some c«rdi. 
tion OS thL' one (Fig, Q), and that tba huriEcntfil stnuaa at (lie points a, b, and 
c, those in the direclion or they asea of each beam, and Oio ttilal pressure at B 
find c, wciuld b« foimd as in [Fig. Q) : and fnim Iheae the rekttona betWMTi tl^ 
dimen^ons of the becuDB and the limit o-f tJie atroin 00 the unit of area bo in Uka 
maitnor dete-rminod. 

Tho applications of the precM^ng problems to tha analogous CMOS of InUna& 
compoaed of ri^d materials, na tiiuberand iron, will be rcadUy aeon on a cotn- 
paiiBon of tho forma in Art £07, and the fcjllowing. with those whieh have just 
b^BD Iho 8ul>Jecta of ouiniiiotiott. The main diffii^ulty in each v^uie will bo in 
detannining those stralos both hi inteDsity aad direction, wtiiuh arise from tha 
reraprocal action of the component parts of the frame, and this wiil be most 
easily overcome by japposing tho parts preA.««d ogjiifiHt. removed, and their reeist- 
ancB replnecd by forcea actiog in the somo dirccdona as tho r&dstanc^a ; aa, far 
examples, in tho uise of (Fig. Q), whore a. horizo-nlal fon!(> at n migfit bo mada 
to r4|>lAi;« (he resiataUco of tlio Wall ngiiiiiBt which the boain reeU, && 

Id all caaoa, moreover, whor>a a stilet equilibrium does not obtain, cither by 
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tte Btnhu hdag tnuumitted to fixed points, or hj equal oonnteracting foreet, 
the Btabilitf of tbe framing will depend on the jranta, or connexiniia of thft 
beama ; and i^rever there ia a tendency to the rotatioR of any one of Hkb 
beama aronnd a joint, h mnat be prerented by the introdwtion ofaatnit ortis, 
BO plaiMd aa to luild tbe beam, liable to the moTMiunti Ik » find pogftloiL 



